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FOREWORD 


cus ine 
Tt has been known for a long time that small quantities of glycer 


are regularly produced in the course of normal alcoholic fermentation. 


During periods of shortage, as in World War I, many scientists studied 

the possibility of increasing the yields of fermentation glycerine by 

modifying the conditions under which yeast cells were forced to worke 

Such efforts led to development of processes that were practicable enough 

for glyceyine production on a considerable scale during periods of special 
- stress but they were not sufficiently economic to compete with glycerine 

produced during normal times from fats as a by-product of soap manufac= 

ture. 

However, conditions in chemical industries are always subject to 
rapid and radical change. Hence, it has been considered wise to make a 
careful survey of trends in glycerine demand and supply and especially 
to assay the effects of many newer trends and developments upon the 
feasibility of industrial glycerine production by fermentation, 

Among these newer developments may be listed (a) the growth of syn- 
thetic detergents as competitors of soap, (b) the increasing demand for 
glycerine in the glyptal resin industry, (c) the initiation of synthetic 
glycerine production from petroleum, (d) the improvement of fermentation 
glycerine yields and production techniques and (e) the development of 
dialysis for large-scale separation of water-soluble Substances, a teche 

nique which promises to facilitate isolation of fermentation glycerine, * 
Among the scientists who first studied the modification of Toe 
fermentation for the production of glycerine was Profe 
then of the University of Berlin. As Research i. WR sr: 
New York University, Professor Neuberg was given two aan 
grants-in-aid by 
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The maximum yearly refined glycerine production from domestic crude 
production cannot exceed 190 million pounds, 100% glycerol basis, or 194.6 
million pounds on the basis of market grades, 97.8% glycerol. 

The outlook for crude and refined glycerine production is based on 
the 1948-1950 estimated fat and oil consumption in the manufacture of soaps and 
fatty acids. A maximum recovery of 88% from total fats and oil consumed to 
crude would have to be attained. It is doubtful whether an overall recovery 
beyond this could be achieved economically. 

Glycerine, as a by-product of the soap and fatty acid industry, 
has reached the peak of its economical output. At the present time, the 
possible supply is below the demand and apparent total disappearances 

Synthetic glycerine, now in commercial Sroduchign since August,1948, 
could not have started at a more opportune time. Its presence on the market 
should stabilize the availability of glycerine at a reasonable price level, 
which, however, will be about 50% higher than wartime prices. There will be 
greater possibilities for new and increased uses of glycerine. Glycerine 
substitutes presently enjoying part of the glycerine market, primarily because of 
uncertainty of supplies and price fluctuations will lose outlets to this end. 

The quality of synthetic glycerine is stated to be better than 
presently available market U.S.P. glycerine and there is presumably no 
difference in the toxicity of the natural and synthetic product. By early 
1949, this claim will be substantiated or disproved. Present prices for the 
synthetic are about 25 cents per pound or substantially less than the 
present price of the natural. Shell is presently promoting intermediates 
from its synthetic glycerol process and if they can develop the proper 


conditions, it is estimated marginal flexibility of costs can be reached . 
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to the extent that a profitable glycerine market may be enjoyed, competiti 


to the natural glycerine selling price. 


A technico-economic comparison of the Shell synthetic glycerol 


process versus the soap makers by-product is not possible, since detailed cost 


particulars of the formerare unavailable. Corrosion and other difficulties 
of such a new operation will probably take some time to be ironed oute 

There are 10 natural glycerine refiners with 27 plants distributed 
throughout the United States. Three refiners do not produce any crude 
glycerine and account for approximately 7.9% of the total refined glycerine 
output. Four soap companies refine approximately 88% of the total output 
of glycerine from natural sources. 

Commencing in early 1949 through 1950, it is estimated that the 
yearly average production of synthetic glycerine from Shell's plant at 
Houston, Texas, will be 25 million pounds. This would amount to 11.5% of 
the total natural and synthetic market grade glycerine. 

The total market available glycerine, natural and synthetic, in 
1948-1950 will be approximately 217 million pounds. Current production of 
glycols and such higher alcohols, such as sorbitol, mannitol and pentaery-— 
thritol will reach a total of 350 million pounds early in 1949, or, 75% 
more than the output of glycerol. They are also destined to grow further, 
on account of the greater elasticity in their production and consumption, Total 
possible output will be below domestic disappearance in 1948~1950 


» under 


normal conditions. The balance will be met with Synthetic glycerol 
ol, as 


is not expected to increase, on account of the increas; 
Casing encroachment of 
Synthetic 
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detergents on ordinary soap. Capacity for detergents is now 700 million pounds 
annually and is expected to grow to over one billion pounds by 1950. 

While synthetic glycerol will stabilize the price ultimately, it will 
contribute to keeping the prices relatively high until 1950, because of long-term 
contracts. While the price will drop from its present heights, it is not ex - 
Pected to go below a level of at least 50% higher than the wartime pricese 

The production of glycerine has not been able to keep up with consump= 
tion which is constantly increasing. Strangely enough the increase in glycerine 
consumption can not be entirely traced to increased activity in the alkyd resin 
field which ordinarily consumes as much as 30 million pounds of glycerine yearly 
in the preparation of special coating preparations. Actually the expansion of 
alkyd resin activities has been held up by the shortage of phthalic anhydride, 
esther raw material requirede With the newly opened plant of the Barrett 
Division of the Allied Chemical and Dye Corp. now supplying additional phthalic 
anhydride, additional amounts of glycerine will be required 

Soap manufacturers have been producing more glycerine this year than 
in 1947. The question then, of where all this glycerine is going to is a 
puzzling one. The Glycerine Producers! Association believesthat prewar break~ 
downs of glycerine distribution still apply basically. Probably more glycerine 
is going into the production of maleic acid (although this use is not too ex= 
tensive), and into tobacco and cellophane. 

Shell's production of synthetic glycerine is the new factor. The tie- 
in between soap and glycerine has caused glycerine to fluctuate widely in prices 


Since Shell's output will be about 10-15% of the total domestic production, it 


will help considerably to stabilize the price of glycerine. 
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Although glycerine refineries have still capacities of almost 25 


million pounds of glycerine per year, their production is limited by the market 
for and price of their main product, soap. 

The fact that Shell has gone into fHe production of synthetic 
glycerine does not mean that the prospect for future synthetic glycerine plants 
is bright. Construction of another synthetic glycerine plant may cost almost 
twice as much as Shell's plant at the present time. 

It therefor seems that the country will be faced with a considerable 
shortage of glycerine for some considerable time, and that the production of 
glycerine from alternative sources might be commercially feasible. For this 


reason, the production of glycerine by the fermentation of molasses or sugar 


deserves new consideration at the present time. 
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GLYCERINE RESUME 


SUMMARY 
of 
PROPERTIES, USES, CONSUMPTION, SUBSTITUTES, 
PRODUCTION (NATURAL AND SYNTHETIC) ,REFINERS, 
PRICES, TARIFFS, IMPORTS, 


EXPORTS 


IV - GLYCERINE RESUME 

A. Properties: Glycerine or glycerol, CH, OHCHOHCH OH , a trihydric alcohol, is a 
clear, colorless, syrupy, sweet liquid. It is very hygroscopic and absorbs 
moisture, sulfur dioxide, and hydrogen sulfide from the air. It is miscible 
with water and alcohol but insoluble in benzene, carbon tetrachloride, and 
chloroform. Pure glycerol has a specific gravity of 1.2653 at 15.5/15.5°C, a 
boiling point of 290°C, at 760 mm, a vapor pressure of 64 mm. at 100°C. when 
the total pressure is 760 mm, and a melting point of 17.0°C. but crystallizes 
slowly on cooling below this temperature. 

Chemically, glycerol, as a trihydric alcohol,is capable of forming 


mono, di, and tri esters and ethers. It can react to form acetals, amines and 


halodydrins. Acting as a weak acid it forms metallic derivatives. Besides 
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i be oxidized 
lending itself to numerous varied special reactions, glycerine can > 7 


The continual demand and increasing development for further possibili- 
ties of glycerine use is dependent upon the numerous physical and chemical 
properties of this substance. It may act as a humectant or hygroscopic agent, 


reduced, and dehydrated to form many products. 
a solvent, a vehicle, a bodying agent, a suspending agent, a lubricant, a heat | 
( 


_ transmitting material, a pressure transmitting agent, an antifreeze, a soften- 
er and plasticizer, a sweetener, a penetrant, an emollient, and a bleaching 
agent. Then it forms many chemical compounds; namely, such present-day 
important derivatives as alkyd resins, ester gums, nitro-glycerine, acetins, 
and long-chain fatty glycerides. 
These properties combined with its non-toxicity and stability to oxid- 
ation, carry glycerine into a wide diversity of industrial and edible products. 
B. Uses: The following tabulations portrays a list of products and fields 


of manufacture into which glycerine enters: 


Drugs and Pharmaceuticals - See. U.S.P. XIII & N.eF. VII Prepn. 

Dynamite, Nitroglycerine, and Smokeless Powders : 

Synthetic Resins and Ester Gum 

Rubber Processing . | 

Gaskets and Cork Products 

Cellulose Films and Meat Casings 

Glassine, Greaseproof, and Vegetable Parchment 

Printers' Rollers and Supplies 

Textile Processing 

Leather Products - Shoes, Harness, Belts, Lining, Skins, 

Patent Leather, Processing, Leather etc, 

Adhesives - "Scotch" Tape, Bookbinding, Labels, Envelopes, . 
Gummed Tapes, Wood and Paper Adhesives, Postage 
Stamps, Mucilage, Rubber-Casein Adhesives. 

Paper other than Glassine and Greaseproof 

Beverages, Flavors, Candy and Gum - Wines, Beer, Cordials 
Soft Drinks, Chocolates, etc, ‘ 

Margarine, Shortening, Biscuits, Cakes, Bread, Shredded 
Cocoanut, Jelly, Mustard, Tobacco 
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Dentifrices and Toilet Articles - Toothpaste, Creams, Perfumes, etc. 
Cleaning Materials - Soaps as milled and bar, Liquid Soap, Lather and 
Saddle Soap, Rug Paste, Soap, Hand Soaps, Polishes, Cleaners, 
Synthetic Detergents, and Wetting agents. 
Manufacture of Chemicals - Reagent Chemicals, Mfg. of Acrolein, Mfg. 
Mono, Di, and Triacetin, Invertase, Hydrogenated Naphthas, 
Naphthalonate Driers, Reconstructed Oils, Basic Dyes, and misc. 
Chemicals. 
Hydraulic Fluids - Door Closures, Air (and other) Brakes, Vessel ae 
Launching, Floor Hinge Liquid, and Recoil Mechanisms. ) 
Insect and Micro-Organism Control - Insecticides, Bactericides, 
Germicides, Fungicides, Sticky Fly Paper. 
Embalming Fluids. : 
Decorative Articles and Toys - Cemetary Wreaths, Artificial Flowers, 
Dolls. 
Soldering Compounds. 
Lubricants - Air Brake Lubricants, Thread Lubrication on Oxygen 
Cylinders, Die Lubricants, General Lubricants. 
Cement Compounds - Litharge-Glycerine Cement, Pipe Joint Cement, 
Furnace Cement, Transformer Cement, Freight Car Wood Patch, 
Plastic Caulking Compounds, Rethreading Compounds. 
Waxes and Emulsions - Optical Waxes, Emulsifiers, Wax Emulsions, 
Industrial Protective Creams. 
Instrument and Equipment Manufacture - Mercury Action Thermometers, 
Engine Gauges, Electrical Equipment, Telemotor Systems, Oil 
Refinery Equipment, and Flexible Metal Hose and Tubing. 
Packing Compounds - High Pressure Rod Packings, Mechanical Packings 
(asbestos), Gasoline Resistant Packings, High Pressure and Temper- 
ature Packings. 
Laboratory and Research. 
Anti-Freeze Fluids - Automatic Sprinkler Systems, Defrosting for Glass, 
Deicing, and Gasoline and Diesel Engines. 
Masking and Shielding Compounds - Paint Spray Shield. 
Crinding Compounds - Vitrified Grinding Wheels, Valve Grinding and 
Lapping, and Artificial Polishing Stones. 
Electrolytic fluids - Galvanized Cloth, Lightning Arrestor. 
Coolant Fluids - Cutting Solutions for Metal Working, Quenching 
Fluids for Tools. 
Miscellaneous Manufactured Products - Asphalt, Coal Tar Products, 
Flexible Vulcanized Fibre, Pressure Sensitive Tape, Diaper 
Liners, Fish Bait, Ceramic and Water Colors, Photographic 
Products, Fire Retardants, Galvanizing and Plating Prepara- 
tions, Molding Clay, Graphite Pencil Leads, Artificial 
Leather, Shoe Lining and Ink. 
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Miscellaneous Fluids - Anaesthetics, Sealing Fluids, (for centrifugal 
pumps), Dust-Collecting Liquid, Stencil Correction Fluid and 
Oxidation and Evaporation Inhibitors. 


Besides the above enumerated uses in which glycerine finds appli-= 


cation additional uses are always appearing. The uses of glycerine have 
been presented in this manner since on this same basis consumption of refine 


grades of glycerine will be examined. 


For a detailed summation of glycerine uses the Glycerine Producers 
Association (3) have published a booklet showing "1583 ways to use glycerine’ 
The general captions of the numbered uses may be generalized as follows:e 


Material Arts and Sciences 


Title of Application Uses Given 
1. Air, Conditioning and Refrigeration 1 - 15 
2. Adhesives and Pastes 16 = 39 
3. Automotive LO =— 66 
4. Cements 67 = 7h 
de Cleaners and Laundry Aids 75 =— 98 
6. Electrical 99 = 136 
7. Explosives 137 = 139 
8. Glass, Ceramics, Abrasives 140 = 187 
a) Glass 140 = 162 
b) Ceramics and clay products 163 -179 
c) Abrasives 180 = 187 
9. Laboratory 88 
10. Leather ae ree 
ll. Lubricants per ineSie: °5: 
12. Metals a i Ese 
13. Packaging ki: i E 
+ eg & Materials (other than paper) 33) aay 
v5 Photography oe ‘ es 
16. Plastics and Molding Composit; > 
17. Printing, Lithography, Inks, me a 2 
18. Protective Coatings(Paints, varnishes,lacquars & ee 
19. Rubber enanes) 936 = 609 
20. Textiles 610 = 652 | 
21. Wood 653 = 727 | 
226 Miscellaneous 728 = Th7 | 
230 Agriculture 7h8 = 793 
2h. Beverages 794 = 830 
25 Chiropody and Podiatry 831 ~ 856 | 
« Cleanline oe = 
o7, Pace tes? Sanitation and Personal Hygiene ek - si 
and Toilet Preparatio 703 
28. Dentistry an 904 = 997 
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29. Diagnosis, Laboratory and Clinical 1061 1087 
30. Drugs and Pharmaceuticals 1088 =1392 
31. Foods 1393 =1478 
32. Perfumes 1479 —1490 
33. Tobacco 1491 -1505 
3h. Veterinary Medicine 1506 =1554 
356 Miscellaneous 1555 =1583 


A book has been written by Georgia Leffingwell and Milton 
Lesser (6) covering the uses of glycerine. For a commodity which, 
from its discovery in 1779, has been essentially a by-product of the 
soap making jndustry, there is little doubt of its diversified appli= 


catione 


C. GRADES, STANDARDS, SPECIFICATIONS FOR REFINED GLYC RINE: 
Refined glycerine may be purchased in four principal grades: 


(1) Chemically pure or U.S.P. - A high quality, water-white glycerine 
suitable for use in foods, drugs, pharmaceuticals, cosmetics, 
and anywhere such requirements are desirede 


(a) The normal "C. P. Glycerine" is 95% glycerol and has 
asp. gre of 1.249 at 25/25°C. 
(b) A "Super C. P. Glycerine" also appears as a standard 
grade having a sp. gre of 1.257 at 25/25 °C., 98% glycerol. 


(2) Dynamite - a Yellow glycerihe made for the particular use of " 
explosives - This grade has a sp. gre of 14262 at 1505/1505 Ce, 


98.7% glycerole 


(3) High Gravity -— A pale yellow glycerine made for industrial useSe 
It has a sp. gr. of 1.262 at 1505/15e5°C., 98.7% glycerole 


(4) Yellow Distilled - A yellow, slightly reddish, glycerine offered “ 
for industrial purposes having a sp. gr. of 1.258 at 1505/1505"Gee 


97% glycerol. 


Within these grades manufacturers of refined glycerine also 


produce glycerine to comply with particular tolerances of customer speci= 


fications. Usually such business is taken when at least tank wagons or 


tank cars are involvede 
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The U. S. P. XIII covers the requirement for Cc. °P. or Uv oeee 


glycerine, while all grades of refined glycerine are covered by Federal 


Specification 0-G-491 available from the Superintendent of Documents, 


Washington 25, D. C., price 5 cents. 


PACKING, SHIPPING, STORAGE: Refined glycerine comes in different con- 
tainers. For U. S. P. or C. P. glycerine, the usual containers are 
1, 5, and 10 pound bottles; 10 and 50 pound tins; 550 pound drums; tank 
wagons 20-40,000 pounds; and tank cars 60-80,000 pounds. The usual con- 
tainers for shipping the other grades are 550 and 1100 pound drums, 
tanks wagons and tank cars. 

Facts pertaining to ocean shipping containers and storage 
may be found in "Modern Ship Stowage" a 719 page bulletin, Industrial 
Series No. 1, 1942, issued by the Bureau of Foreign and Domestic 
Commerce, U. S, Department of Commerce, available from the Superintendent 


of Documents, Washington 25, D. C., for $1.50. 


In shipment or stowage of glycerine, which is hyS roscopic, 


containers should be kept tightly closed to prevent dilution.(7) 
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Table I shows the consumption, allocations, and estimated 
consumption given by class of use. Incorporated into this table is the 
writer's estimated grade of glycerine consumed and allocated during the 
indicated periods. The writer's outlook or estimated average yearly 
consumption for 1948 - 1950 is also shown. 
Table II shows the breakdown of "Miscellaneous" use given in 
Table I. The data appeared in the December 1944 issue of the Fats and 
Oils Situation as a supplement to the February article. The first sum 
mation of uses followed the governmental pattern of classification of 
glycerine by use. One can now evaluate the consumption of glycerine in 
each class of the products its application enters.s 
The consumptionsfor 1940 - 1941 inclusive were for peacetime . 
years. The change during war years may be noted by comparing 1943 allo=— 
cations with 1940 - 1941 consumption figurese 
In 1943, despite drastic curtailment in the civilian use of 
glycerine, as in beverages, flavors, confectionéries ,margarin sshortening, 
edibles in general, tobacco, and toilet articles, the consumption 
compared with peacetime years 1940 - 1941, and most of 1942. Approxi= 
mately 29 million pounds of C. P. grade glycerine was made unavailable 
for civilian use. The tobacco field alone was allocated 17.5 million 
pounds of C.Pe glycerine less than in either 1940 or 1941. This condi= 
tion was brought about from the increased use of glycerine to meet the 


war time needs for dynamite, nitroglycerine, protective coatings and 


other essential war requirements» 
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In February 1944 (9) the estimated conswuption for 1944 was 


s of refined glycerine products. On Jenuary 


shown as 199 million pound 


1, 1944, the total glycerine inventory was 81 million pounds with an 


expected 195 millions to be produced during 1944. The estimated 1944 


consumption was also based on the allowed glycerine use under Food 


Distribution Order 34, Amendment 2, effective January 1, 1944 which 

removed glycerine for specific allocation. Most civilian uses of lesser 

essentiality under this order were limited to the quantity of glycerine 

used in 1940. It may be recalled that the War Food Order 34 was suspended 

in March 1944 and then was revoked on Mey 13, 1944, due to an increased 

rate of glycerine production and with a decrease in lend=lease requirementse 
C. W. Lenth, one of the comauthors of the government GOS article 

(9), later in an article on "Glycerine Outlook" (11) estimated that a 

steady requirement of more than 185 million pounds of glycerine may be 

counted on in the post war years. His estimated consumption for the post 


war years is shown in Table I, 


From a tabulation of apparent glycerine disappearance in the 
United States, 1919 - 1947, Table IV, the apparent total consumption of 


glycerine (100%) basis in U.S. A. from 1939 to the present date may be 
calculated as shown in Table V, 


| The accessible facts were examined and the yearly consumption 


during 1947 - 1950 was estimated, The breakdown of the individual 


| classified uses accounting for this consumption is shown below. It 


will be noted that the important figures of 1940 - 1941 (9) were 


essentially the basis while Lenthts (11) outlook was given due 
recoge 


nition when in accord with estimated present trends 
@ 


TABLE II 


CONSUMPTION OF GLYCERINE BY CLASSES OF PRODUCTS 
BREAKDOWN OF "MISCELLANEOUS" USE IN TABLE I 


(b) 1940 1941 
Use (a) (ad) Est. Grade 1000#- %(c 1000 \c) 
leaning materials C. P. 1,074 0.77 1,589 0.91 
anufacture of Chemicals CG. P. 726 0.52 1,408 0.81 
ydraulic fluids Gaps 137 0.10 140 0.08 
nsect & Microorganism Control ae Ps 132 0.09 187 "0.48 
mbalming Fluids ares 121 0.09 146 0.08 
Jecorative Articles & Toys Ge bs 99 0.07 114 0.07 
Soldering Compounds HB. G. 59 0.04 64 O.O4 
Lubricants H. G. 55 0.04 107 0.06 
Cement Compounds H. G. 53 0.04 103. 0.06 
Waxes & Emulsions Ci-P. 50 0.03 76 0.04 
Instrument & Equipment Manufacture fea tts 46 0.03 46 0.03 
Packing Compounds Oe Ps 32. 0.02 50)=—s«O«wW 03 
Laboratory & Research a te 20 0.01 15> ~O.Ge 
Antifreeze Fluids Oe Bs 17 0.01 35 ~0.02 
Masking and Shielding Compounds SP Pe 15 0.01 29" 0.0 
Grinding Compounds CO. Ps 14 0.01 20° =0.0L8 
Electrolytic Fluids G.. Pe | 4 - 
Coolant Fluids He Gs 2 - 12*- 0.08 
Miscellaneous Manufactured Products se H. G. & 857 0.61 1,108 0.64 
70% U.P. 

Miscellaneous Compounds C. P. 15 0.01 1, O.O1 
Miscellaneous Fluids C. P. ee 6 - 
Unidentified C. P. 354 0.25 _793 Sasa 
Total for Miscellaneous in Table 3,886 2.8(3) 6,268  3.6(3) 
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(a) "Fats and Oil Situation", December 1944, Bureau of Agricultural Economics, 
U. S. Dep't. of Agriculture : 


(b) (c) - Same as (b) & (c) under Table I- - 


(d) See Uses in this article for clearer breakdown of products involved - Page 13 
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TABLE IV 

GLYCERINE, CRUDE, 80 PERCENT BASIS: PRODUCTION, TRADE, STOCKS 
DECEMBER 31, AND APPARENT DISAPPEARANCE, UNITED STATES 

2 ni eS BIS STL NY Rs os 8s 


- eee 
eee 7”-_eoooo er — 


Imports 
Factory for 


Net imports 
or net 


Stocks Apparent 


Year Production Consumption Exports __exports(-) __Dec..31 Disappearance 
10007 10007 1000 1000# 1000 1000 


1919 61,793 3,861 L., 707 81,6 14,050 60,947 
1920 54,688 29,004 2,069 26,935 22,825 72,848 
1921 63,947 3,400 2,844 556 26,661 60,667 
1922 85,337 3,801 3,409 392 25,89h 86,496 
1923 995579 15,266 2,099 13,167 255955 112,685 
1924 95,154 16,265 1,681 145584 26,294 109,399 
1925 103,407 21,768 1,624 20,114 15,464 134, 381 
1926 116,369 40 ,9'70 912 40,058 26,214 145,677 
1927 128,209 25,158 823 24,335 45,648 133,110 
1928 130,499 10,216 2,437 75779 39,558 14h, 368 
1929 140,080 21, Abd 1,631 19,813 33,331 166,120 
1930 138,675 14,987 722 1,265 32,350 153,921 
£931 140,002 12,541 390 12,151 1,3 5034 141,469 
ng32 133,919 8,258 309 75949 55,627 129,275 
1933 119,812 9,873 1) 9,873 30,246 155,066 
1934 153,115 17,793 1) 17,793 41,228 159,926 
1935 141,185 8,305 3,982 1,323 4,3 ,003 143,733 
1936 154,096 15,372 a, 361 14,011 38,980 172,130 
1937 169,039 22,672 1,633 21,039 70 , 100 158,958 
1938 162,120 16,243 Ly hhg 11,794 97,086 146,928 
1939 184,476 11,392 8,786 2,606 88,611 195,557 

0 197, 320 9,462 15,580 6,118 90,150 189,663 
19h. 2hst0h «94156 113962 23826 «754136 255,992 
1942 221,794 6,105 40,798 34693 70,824 191,713 
1943 214,916 10,275 30,716 20,441 101, 142 161,157 
1944 249,792 6,084 11,384 5,300 109,601 236,033 
1945 215,562 9,596 9,496 100 57,150 268,113 

re , 3 
eg Ber 00 ae qeae ages 55,000 253,000 
(est.) 


nce ew ec A AL IL 


mp follows: 
ities. ergction and stocks, Bureau of the Census, Animal and Vegetable rou & pre 
Stocks are "crude, 80 percent basis," plus "dynamite" and "chemically pure 6o. pee 
crude basis by mpltiplying by 0.98 and 0.95 respectively and dividing Oy ae ° whi 
1943, production and stocks reported on 100 percent basis; divided by 0. o co 
’ ba s s 

ede eae Bureau of the Census, Foreign Commerce and Navigation ot See On 
Imports consist of both crude and refined glycerine; refined regia Oo a ae 
multiplying by 0.98 and dividing by 0.80. Exports 1919-39 are not don ee a yceeie 
refined, but appzrently are made up largely of refined with the tes oe vicina 
content of 95 percent; converted to crude basis by multiplying . bs and es 
0.80. Beginning 1940, reported on 100 percent basis, divided by 0. 


basis, 


a, 


Source: U. S. Dep't. of Agriculture 
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TABLE V 


APPARENT TOTAL CONSUMPTION OF GLYCERINE 
IN U. 5. A. in 1000 lbs. 


YEAR Apparent Apparent Average mh to Gon 
Consumption (a) pe ae Since 1939 ne? 1942 Since 
10 

1939 195,557 156,446 156,446 

1940 189, 663 151,730 154,088 
1GhL PF 255,992 204,790 170,989 

1942 191,713 153,370 166, 584 153,370 

1943 164,157 131,326 159, 532 142,348 | 
1944 236,033 188,826 164,414 157,841 188 
1945 268113 214,490 171, 568 172,004 201, 
1946 221,,081 179,265 172, 530 173,455 19h) 
rate 250,846 200,677 175,658 177,992 19 
pons 253,000 202 5400 178 ,000 181,000 1976 


(a) Source Table IV. This table 
; account i : 
thus apparent consumption in U. S. re sla dolar aa elel 45.628 AF exports (-), 


The Np yearly apparent consumption since 1944 has been 197 million pounds 

This apparent disappearance is based on both crude and refined glycerine, thus 
3 

the 100% glycerol basis figure is comparable on a weight basis to 


Market grade 


1 i i 
glycerine when allowing for 96 - 98% yields from crude to a refined market 
e 


grade glycerine at an average glycerol content of 97 ~ 98% 
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Pharmaceuticals and Druge: Only a slight increase / consumption may be 


expected over the 1941 level, this being based on the increase in 


population and activity in this field. Greater use could be expected 


but some substitutes for glycerine in this class of product will 
apparently enjoy a permanent market. It will be assumed that approxi- 
mately 12 million pounds will be consumede 

Dynamite and Nitroglycerine - There is a constant demand for dynamite 
in reconstruction, road building, mining, etc. Although the military 
requirements are now non-existent, which were included in the 1941 and 
1942 consumption figure, the activity in the field is great enough to 
reach a high level of dynamite production. A consumption between 1941 
and 1942 levels may be expected or, about 33 million pounds. Preparedness 
for another conflict may increase this substantiallye 

Resins and Ester Gums - In 1942, the production of phthalic anhydride 
was 95 million pounds and in 1943 a level of 113 million pounds (12) 
Presently the average monthly production is 11.4 million 


was reached. 


pounds or about 137 million pounds per yeare There are indications that 


phthalic anhydride produ 
By a new development (27), -.8 million pounds a year of phthalic 


ction will probably reach 170 million pounds 


before 1950. 
y one plant in California by the oxidation 


anhydride is being produced b 


of omxylene from petroleum. 


During the recent war on account of military requirements of phthalic 
‘ 


repellents, plasticizers and explosives, together 


WFO - 42 a, the alkyd resins field 


anhydride for insect 


with restriction on the use of oil, 


’ 
~ 


or less cut short of further development. In 1935, the alkyd 
was more 

iri imatel mf 
resin production was 34 million pounds requiring approximately 5 
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million pounds of glycerine (13). By 1939, the production increased 
to 76.5 million pounds with a consumption of 11 million pounds. In 
1943, a production of 154 million pounds of alkyd resins was reached, 
requiring 35 million pounds of glycerine as reported by Lenth Gbhoe 
Tnis level may be expected to continue at 35 million pounds since 
preference for protective coatings on automobiles, washing machines, 
refrigerators, etc.e, is still in favor of alkyd resins. 

Ester gums production consumed 6.1 million pounds of glycerine 
in 1940 and 10.5 million pounds in 1941. The consumption increased during 
19) on account of the shortage of alkyd resins, It is believed (1) that as 
the alkyd resins become available, ester gum production will drop so as 
to consume 10 million pounds of glycerine yearly. 

The total glycerine consumed yearly by resins and esters 
gums between 1947 - 1950 is estimated to continue at 45 million poundse 
Rubber Processing - fhe amount of glycerine used in this field has 
been fairly constant and is expected to continue at an average yearly 
rate of 1.5 million pounds of glycerine. 

Gaskets and Cork Products - During 1941 and 1942 there was an ine 
crease of over 2 million pounds of glycerine consumption primarily 

due to new uses which is at least expected to be retained with possibly 
an increase for the yearly average in 1947 to 1950. The usage here is 


estimated at 10 million pounds yearlya 


or 
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Ie PREFACE 


ee 


This survey was undertaken in order to evaluate the present 


glycerine situation and the possibility of producing glycerine by fer- 


mentation methods, especially now that synthetic glycerol has made its 
debut in the United States market. From the data collestale it is Jeli 
that a reliable estimate of the present situation and the 1948 to 1950 
inclusive outlook was made possible, 

In addition to the conclusions, the reader is rafeknel 10 the 


Lp charts and tables shown in the summary of this survey. The collec ed 
= ; _ 


factual information should prove of interest. This report was designed 


Ae ae, 


as a ready reference. Sources of all obtained data are iimediately giv . 
or indicated by reference to the bibliography. a 1 

Despite the additional capacity of Synthetic glycerir 2, th 
demand for it is increasing faster than the supply, indicating some long 


term opportunities for fermentation glycerine. 
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II - MANUFACTURE OF GLYCERINE BY SUGAR FERMENTATION 


When fermentable sugars are acted upon by yeast under normal 
acid condition, ethanol, carbon dioxide, and small quantities of glycerol 
and acetic acid are produced. The small quantity of glycerine produced 
makes this process commercially impossible for the production of glycerine 
alone. 

The two general methods that have been suggested for the production 
of glycerine by fermentation are the sulfite fixation process, and the al- 
kaline fermentation process. In the last few years new developments have 
occurred which make such processes more commercially feasible, 

In the sulfite fixation method, a soluble sulfite is added to the 
fermentation mixture in sufficient quantity to produce fixation of acetal- 
dehyde which is formed in the fermentation. This shifts the equilibrium of 
the reaction and increases the quantity of glycerine formed, 

In the alkaline fermentation process, the fermentation is carried 
out in a medium made alkaline by the addition of alkaline salts or bases, 

Unfortunately both of these processes must be carried out in 
alkaline media which are unfavorable to the growth and action of yeasts, 

Moreover, the large quantities of soluble salts which remain in the 
medium after the reaction make the Separation of glycerine difficult. Some 
experimenters have attempted to use gaseous sulfur dioxide in the sulfite 
fixation process, but the amounts required are toxic to the yeast cells, 

A very great amount of salts and alkalies is required in the processes first 
used by the Germans in the first World War. For example, the fermentation of 
100 tons of sugar by the Connstein and Ludecke process required the addition 


of almost 30 tons of Salts, and the fermentation of the same 


amount of sugar 


a 
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of the same amounts of salts. The costs of the added salts alone are 
sufficient to make these processes used in the past impractical. 

As pointed out previously, alkaline mashes retard the growth 
of the yeast cells. Furthermore, immediately after the addition of the 
alkaline materials to the mash, the yeast cells are rendered inactive for 
two to three hour periods. During this time, it is rdlatively simple for 
the mash to become infected with contaminating micro-organisms. 

As a result of these objections the use of an acid medium was 
suggested. However, when this was first tried, low glycerol yields of 
only 3% to 4% were obtained (see Connstein and Ludecke: U. S. Patent 
1,511,754) + 

A practical process involving the use of an acid medium has been 
proposed in U. S. Patent 2 5381,052 (August 7, 1945), assigned to U. S. In- 
dustrial Chemicals, Inc. 

In general, the patented process is carried out in the following 
manner. The yeast crop is grown by aeration in a dilute sugar mash, and 
after 12 to 24 hours, sufficient molasses is added to bring the sugar content 
up to 15 to 20 grams per 100 cc. 

Fermentation sets in promptly, and aqua ammonia is added until 
the pH of the mash is between 6.0 and 7.0. Ammonium salts may also be used 
for this purpose, but aqua ammonia is preferred. When distiliing occurs 
the pH is adjusted to 6.0, at which point the ammonia is not volatile. During 


fermentation the acidity can be adjusted within the required limits by the 


addition of hydrated lime. 


* A copy of this patent may be found at the end of this report 
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By this method the yield of glycerine obtained is greatly 
increased. It is suggested that the two stage glycerol operation de- 
scribed by Hildebrandt and Brb ( U. S. Patent 2,169,245 Z august 15,1939) 
be employed in carrying out the fermentation. 

Another improved process developed by Schade and Farber (Usese 
Patent 2,414,838%— January 28,1947 - assigned to the Overly Bio-Chemical 
Research Foundation), involves fermentation in the presence of magnesium 
carbonate to increase the yield. 

In addition, reaction products more volatile than water are 
removed during the course of the reaction. A neutral gas such as air is 
also bubbled through the fermenting solution to mechanically aid in the 
removal of carbon dioxide and similar volatile gaseous products. The pH 
is maintained between 7 and &. The fermentation of a batch is completed in 
about one day. The amount of glycerine produced amounts to about 26% of 
the sugar used for fermentation. 

In another method proposed by Fulmer, Underkofler, and Hickey 
( U. S. Patent 2,388,840% November 13,1945 and U. S. Patent 2,416,745 % 
March 4, 1947 - both assigned to the Iowa State College Research Founda- 
tion), acetaldehyde is fixed by reagents which can readily be removed 
after the fermentation is complete by filtration or volatilization. The 
glycerine can then be more easily separated from the smaller amounts of salts 
left in solution. The fermentation reaction is permitted to proceed in the 
presence of ammonium salts in acid medium, and sulfites which bind the acetal- 


dehyde formed. The maintenance of a pH between 6 and 7 prevents the formation 


of free ammonia which is toxic to yeast, 


eee 8 Ree Pe. Cee. OO) 8 8.8) 60. 8 6) 8! Cune® ere eee 
Ss 8 © e746 
eee 


Hy copy of this patent may be found at the end of this report, 
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Fermentation is completed in 18 to 72 hours. In separating g 


mixture is first made alkaline, md ammonia, ethanol, and aceta 


tilled off. The lime used to make the mixture alkaline is remov 
cipitation as the carbonate. 


a feta var 


The resulting filtrate containing the glycerine cane pe purif 


F ‘y 


by vacuum distillation or through the use of a selective solvent Lae 
ine fermentation process is detailed in Section VY. This a 
prepared especially for the Sugar Research Foundation by Dr. ae rl 


Neuberg as a report upon Foundation Project lo. 5. 
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TIT — THE GLYCuRINE OUTLOOK 
198-1950 Inclusive, Based on Summary of Present Situation 
Summary of Conclusions 
Yearly consumption of market grade glycerine during 1948 - 1950 will 
be in the neighborhood of 192 million pounds in the United States. The class 
of products creating this demand indicate 45% of this consumption will be 


C.P. Glycerine and 55% Dynamite, High Gravity and Yellow Distilled. 


Primarily on account of fat and oil shortages abroad, the United States 
has become a net exporter. Three to ten million pounds may be exported yearly in 
19),8-1950, depending upon domestic supply. 

Total disappearance of market grade glycerine from the United States 
on this basis may be estimated as from 195 — 202 million pounds yearly during 
1948 — 19506 

In 1948, the crude production will approximate 203 million pounds 
while the refined glycerine 197 million pounds, both on 100% glycerol basis. 
This output cannot be expected to be maintained in the immediate subsequent 
years, chiefly on account of the rapidly increasing developments in the 
synthetic detergent field and continued fat shortages, 

During 1948-1950, the yearly average fat and oil consumption in the 
soap industry is estimated at 1,728 million pounds and 300 million pounds of 
fats and oils are expected to be consumed in the fatty acid industry. This 
takes into consideration an increase in population and further development of 
synthetic detergents which are essentially derived from petroleum Sryanccattene 

The maximum yearly crude glycerine production that could be expected 
is 195.6 million pounds, 100% glycerol basis. Approximately 84% will be 


produced as soap lye crude and 18% as saponification crude. 
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Cellulose Film and Meat Casings - Some substitutes have made inroads 
in such products especially those designed for specific purposes. The 
production of cellophane and meat casings over the 1941 level is ex= 
pected to be exceeded with a probable yearly consumption of 21 million 
pounds during 1948 through 1950. 

Glassine, Greaseproof and Vegetable Parchment Papers —- There have 
been developments in this class of products with an increase in pro= 
duction facilities. For the present, it is believed that the estimated 
consumption of Table I for 1944 is being reached and will conten in 
the neighborhood of 3 million pound glycerine usage. 

Printerst Rollers and Supplies - It is estimated that range of glycerine 
consumption here will be approximately 5.5 million pounds yearly which 
is a slight increase over the 1942 consumptione 

Textile Processing - The trends in processing practices in this industry 
being unknown to the author, estimated glycerine consumption is placed 
at the current figure of 2.5 million pounds as probable. 

Leather Processing - There have been some new developments in leather 
processing. However, there are not any apparent indications that the 
average consumption of glycerine during 1940 - 1942 of a conservative 
0.4 million pounds will be exceeded. Nevertheless, 0.5 million pounds 
is still a safe estimates 

Achestves - Glycerine substitutes have apparently absorbed most of any 
Neca production in adhesives over 1940-1942 levels. It is be= 


lieved that approximately 2.5 million pounds of glycerine will be used 


in this fielde 


$e 
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Paper Products other than Glassine and Greaseproof - There have been 
many new developments in this field and it is probable that 2 million 
pounds of glycerine will be consumed yearly, 0.5 million pounds over 
the 1942 level of consumption. 
Beverages, Flavors, Candy and Gum - Because of curtailment of glycerine 
use during the war, it did not enjoy any additional consumption in 
increased production of such products. However, it is believed glycerine 
is gradually entering the war developed products. 2.5 million pounds 
may be safely assumed, consumed in these products. This is just about 
equivalent to the 1941 consumption. 
Margarine, Shortening and Other Edible Products — The margarine market 
has not dropped off since the end of hostilities chiefly on account of the high 
price of butter. Regardless, margarine will enjoy a greater market than 
in pre-war years. The production of shortening has also increasede 
Developments in edible products particularly the freezing of foods are 
expected to have increased substantially. It is estimated that a 7 
million pound yearly glycerine usage will be averaged during 1947 - 1950, 
The average yearly consumption in 1940 - 1941 was 3.5 million pounds; 
thus, this is a 100% increase. 
Tobacco Products - In 1943, the curtailment of glycerine used in the 
tobacco industry amounted to 17.5 million pounds less than the peace-= 
time years of 1940 and 1941 when the consumption of glycerine eis 25 

. million pounds yearly. This was a tremendous reduction and was ideal 


for glycerine substitutes to make serious inroads into this market, 


S 
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Bland apple syrup was found to be a very satisfactory substitute, it 
being approximately 85% as hygroscopic as glycerine, non=toxic, and 
with no foreign taste. An average yearly glycerine consumption of | | 
20 million pounds as in 1943 would not be a low estimate for 1948-1950 
and, in fact is considered low in view of the increase in cigarette a 
production. 
Dentifrices and Toilet Articles - Glycerine substitutes have entered : 
this field during the war years and will retain part of their pene= eS 
tration in to this market. However, there has been some increased 
production in these products. A yearly consumption equivalent to 
peace years 1940 - 1941 of 10 million pounds is a fair estimate. vg 
Miscellaneous —- As indicated previously, hundreds of diversified uses a 
fall in this category. From 1940 to 1941 there was an increase from te 
3.9 million pounds to 6.3 million pounds and in 1942, 7.9 million ne 
pounds of glycerine were consumed. Part of this increased usage over | 
1940 was accounted for by war requirements, Table II shows an interesting tr. 
of consumption in this field. Manufacture of chemicals, cleaning a 
materials, unidentified, insect control, lubricants, and cement com- 
pounds accounted for 85% of the 1941 increase over 1940. Ith 
reasonable to assume that the 1941 level of consumption indicated 
industrial developments. An estimated increase in population of 6% 
by 1950, further industrial developments allowing for inroads by 
glycerine substitutes, and the fact that in this classification new outlets 


‘originate, consumption should still be over this 1941 level. An average 


would be a conservative 


8 = 1950. 


of the 1942 consumption and 1943 allocations 


yearly consumption of 9 million pounds of glycerine during 194 


. 
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Unclassified Small Orders (Table I,j) — There are many untraceable small 


orders that account for a portion of yearly total consumption of glycerine. 


The War Food Administration (9) (10) reported disappearance by class of 
uses, accounting for more than 95% of the apparent total consumption. 
Perhaps it should be mentioned that these small orders may find their way 
into the classified or miscellaneous use fields, Thus it was deemed best 
to treat this consumption separately and it is so indicated in Table I. 

Up to this usage, the total consumption sums to 1387 million 
pounds. It is estimated this figure accounts for 97.5% of the apparent 
total usage. Hence, it follows that a yearly consumption of 5 million 
pounds may be assumed by unclassified small orders, 

From the above as shown in Table I, the derived average yearly 
total consumption of glycerine for 1948 - 1950 may safely be assumed to 
be in the neighborhood of 192 million pounds in the United States, This 
outlook is further substantiated when Table V is examined where it may be 
noted that since 1944 the average indicated consumption derived from ap= 
parent disappearance is 193 million pounds on a 100% glycerol basis, 

Figure 1 shows the average yearly estimated consumption by 


classes of products during 1948 - 1950. 


F, GLYCERINe SUBSTITUTES: Lacking efficient processes for the synthesis 
of glycerine as was apparent in the first World War, the British and 
German chemists made great strides in the manufacture of glycerine by 
fermentation, and production of substitutes (16) was resorted to. Most 
of the glycerine substitutes up to 1923 were advertised for use in 
pharmaceuticals, toilet preparations, and miscellaneous external Oe 


cations. These were generally found to be poor substitutes for glycerine, 


enjoying only short lived markets to this end. During World War II, glycols 
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were used in Germany for cellophane plasticizers, primarily on account of 
glycerine shortages, 

Shortly before this country entered the recent world conflict, 
substitutes began making inroads into the glycerine consuming market, 
During these hostilities, mostly on account of curtailment of civilian glycerine 
use, these compounds flourished, The extent to which such substitutes 
have made successful inroads is still hard to determine. In any event, 
the current status of glycerine situation generously favors the substi- 
tutess Yet in many civilian applications the inrush of substitutes has 
already dropped. 

Of the early substitutes that appeared (16), those for internal 
use were comparatively simple mixture of sugars occasionally adulterated . 
with aqueous inorganic salt solutions to resemble the consistency of ir 
glycerine, Alkaline lactates under the name of Neuberg and Reinfurth "per ai 


und perka=glycerin" were -believed used by the Central Armies for medical 


purposes, A boiled and filtered 3% Irish Moss solution to which 5% 
glucose was added also found medicinal use, 3 

Some of the earlier external type glycerine substitutes 
consisted of a mixture of tri-cresyl=phosphate, dicresyl, and tricresyl~ 
carbonate (17). Other mixtures contained phenyl and cresyl esters of 
phosphoric acid (18). Claims appeared for magnesium butyrate and magne= 
sium chloride dissolved in a minimum of alcohol and glycerine for techni= 
cal purposes in pharmaceutical and cosmetic products (19). <A mixture 
of zinc chloride and lactose in propylene glycol was a claimed substitute 
(20). An 80% solution of sodium lactate was proposed as a softener of 


leather, Dipropenyl glycol and butylene glycol were substitutes, An — 
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economical substitute consisted of a mixture of betain hydrochloride, 
with salts, such as calcium carbonate, magnesium carbonate, or magne= 
sium oxide (21). 
| During World War II, Germany produced a mixture of glycerine, 

polyglycerols, and glycols by hydrogenolysis of carbohydrates (4). 
Neither this mixture nor glycerol products obtained by fermentation have 
been found suitable for nitration. This is being currently investigated 
from the technical-economic point of view by the Sugar Research Foundation. 

So far, ethylene glycol has been the principle substitute for 
glycerol in some industrial uses (23). The Food and Drug Administration 
does not permit it in cosmetics, foods, beverages or medicines because of 
its alleged toxicity, Nevertheless, ethylene glycol has established it~ 
self as a permanent anti-freeze primarily under the trade marked product 
"Prestone" (22) and other trade names. As a point of interest, the 
present production of ethylene glycol is approximately 250 million 
pounds per year (15). In this same class propylene glycol is finding 
application and like ethylene glycol but in a lesser degree is undesirable 
for human use, These restrictions should include its use in cellophane. 

Sugars have always been substitutes for glycerine, not for the 
fact that glycerine is sweeter than sugars, but for the advantages that 
glycerine offers in blending moist keeping properties, Bland apple syrup 
(24) currently is a satisfactory substitute for glycerol because of its 


high levulose content especially in tobacco products, but it has also 


made inroads in ice cream, pastry, candy, paper, textile processing, 


pharmaceuticals, cosmetics, and sugar-curing of hams, This syrup contains 


three sugars - levulose, dextrose, and sucrose, which constitute about 65% 


ROBERT S. ARIES November 30, 1948 


= ites 
of the syrup. The non-sugar solids of the apple juice consist of small 
amounts of malic acid, tannin, pectin, soluble salts, coloring matter, 
and various nitrogeneous material$. It is 80@85% as hygroscopic as 
glycerine, non-toxic, and imparts no foreign taste, 

By its use as an intermediate in the production of explosives, 
pentaerythritol was introduced before World War II and its growth was 
greatly accelerated since (22). Its peacetime outlook appears very 
promising in the manufacture of alkyd resins and extensive uses exist 
for it in upegrading drying oils in the paint industry, The Imperial 
Chemical Industries, Ltd. is converting an explosive factory for the 
production of pentaerythritol (25). The Heyden Ghemical Co. and The 
Hercules Powder Co. are the main producers in this country. 

Polyethylene and polypropylene glycols have grown in import— 
ance in the last five years (22). The lower polyethylene glycols are 
clear hygroscopic liquids with much lower volatility than glycerine 
and present themselves as substitutes. The higher series are solid 
compounds having the usual characteristics of being waxlike, but completely 
watersoluble, These compounds have already established themselves in the 
pharmaceutical industry. 

The synthetic aliphatic industry has grown tremendously in the 
past twenty years, The infiltration of new chemicals into the glycerine 
market should be expected, but the extent to which substitutes make ine 
roads will depend upon the stability of a reasonable glycerine price and 
sts availability. As far as can be determined, there is no satisfactory 


glycerine substitute, 
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Prior to World War II, polyhydric alcohols like sorbitol and 


mannitol appeared on the commercial market. Mannitol was in crystalline 


form while sorbitol was sold commercially in an 85% solution, it being 
promoted as a glycerine substitute. Recently (26) the Atlas Powder Company 


has been advertising two commercial grades of sorbitol: 


Sorbo - A highly refined, 70% solution of D=sorbitol, 
water=white, sweet taste, and no odore 


Arlex - A grade of sorbitol containing closely related 
polyhydric materials which made it non-crystallizing. 


These products are being promoted as conditioning agents and humectants in 
cosmetics, flexible glues, leather, paper, gelatin, chewing gum, candy, 
tobacco, polishes, yeast, soft drinks, pharmaceuticals, and printers? 
rollersj also as manufacturing ingredients in drying oils, hard resins, 
alkyds, esters, ethers and plasterizer, There is no question but sorbi- 
tol presents itself as a glycerine substitute with this list of suggested 
uses. 


METHODS OF PRODUCTION OF GLYCERINE: Presently with the expectation that 


15% of our glycerine will be synthetic in the near future approximately 
84% of the glycerine produced in the United States is the result of the 
manufacture of soap, while the balance of 16% results from other saponi~ 
fication or hydrolysis of fats and oils, Since its isolation, glycerine 
predict isa depended on these saponifications, in the first case saponify= 
ing oils and fats with caustic soda to yield salts of fatty acids and 
glycerine and in the other hydrolyzing fats and oils under varying condie 
tions, 


the more important of which are by steam pressure with or without 


catalyst, at ordinary pressures with a special catalyst (Twitchell process), 
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and by the action of enzymes. Thus, glycerine is essentially a by=product 
of the manufacture of soap and fatty acids, 

During World War I, Germany produced 13,000 tons per year of 
glycerine made by fermentation from beet sugar. Many attempts have been 
made and are being made to perfect. the fermentation production of glycerine 
especially during any war emergency or when the market is inviting. In 
spite of the many different fermentation processes that have been developed, 
most have been shortlived or completely abandoned on a commercial basis. 
What further progress will be made in the fermentation process of sugars to 
refined glycerine products remains to be seen. High prices for glycerine, 
coupled with low molasses prices (since most of our industrial alcohol 
will be synthetic) and an unused fermentation capacity (such as, for example, 
by U.S. Industrial Chemical Co.) should induce many to consider fermentation. 

A description of the manufacture of "glycerogen" by the continuous 
hydrogenolysis of invert sugar by I. G. Farbenindustrie in Germany is 
contained in a report which can be purchased from the Office of Technical 
Services, Department of Commerce, 

"Glycerogen" is described as a glycerol substitute consisting 
of glycols, glycerol, erythritol, and other compounds. The report states 
that the process "is of considerable technical interest in that it represents 
the only large scale application of continuous hydrogenolysis of sugars at 
elevated temperatures and pressures," 

The 5l=page report is based on investigations made by the late 


Dr. R. Max Goepp, Jr., an organic chemist formerly employed by the Atlas 


Powder Co. Wilmington, Dele 
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The glycerol substitute "glycerogen" consists of about 35 per- 
cent glycerol, 35 percent glycols, and 25-23 percent hexitol, the report 
states. The I. G. Farben plant at Hoechst produced about 250 tons of it 
a month, using a high pressure continuous hydrogenolysis process originally 
developed at the IGF Ludwigshafen plant. The monthly output was never in- 
creased because the product did not have sufficient commercial value. 

The development of glycerol substitutes in Germany was approached 
from many directions, accordins to the report. For example, the synthetic 
fats program celled for chemically pure glycerol for which the "Oppau 

process" involving propylene chlorination and hydrogenolysis was developed. 
For alkyd resins, the functionally related trimethylol propane process 
achieved considerable success. However, for the numerous softening and 
conditioning uses of glycerol in tobacco, cellulose films, cosmetics and 
pharmaceuticals, the chemical identity of the product with glycerol was 
irrelevant so long as the substitute had the proper viscosity, taste, lack 
of color, and was non-toxic. 

Several years of experimentation with small scale equipment 
showed that invert sugar could be cracked to give mixtures averaging 35 
percent each of glycerol and glycols (largely propylene glycol), and 25-28 
percent of a non-volatile, six-carbon residue. The material was color- 
less, reasonably sweet in taste, non-toxic, and resembled glycerol in 
viscosity. In 1937 the decision was made to adopt long, unstirred, liquid 


phase reactors, agitated by circulated hydrogen. In 1938 the present 


plant at Hoeschst was constructed for a 250 ton per month production level, 
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Commercially, however, glycerogen has never been regarded as more 


than a substitute for glycerol. Considerable difficulty has been exatn 

i 

perienced in its manufacture, particularly in learning how to prevent core 
i 


rosion and stoppage of the reactors by the suspended catalyst and how to s 


accomplish pressure release without damage to pumps, Of technical intere 


. 
ae ‘ 
“OU, 
dics 
: 


however, is the fact that the process applies continuous catalytic vdrow 


nes 


genolysis to sugar at a température of 200 degrees C, and a pressure of. 
325 atm. "In view of the general applicability of the techniques involved, 
it has seemed worth while to study the glycerogen process in greater dem 


tail than that hitherto reported", the author states. a) 

Dr. Goepe's report (PB-80393, The I.G. Hoechst glycerogen p) ocess) 
discusses the chemistry of the process in outline, the direction of riowiae 
type of equipment used in inversion, reduction and cracking, recovery, , | 
general layout of the Hoechst plant, catalyst preparation, production and_ 
cost data, and the composition, properties and uses of glycerogen. Nine 
teen drawings and tables are included illustrating inversion, make up, 
reduction and cracking, recovery, separator valves, reducing, pressure re= 


tens 


lease and angle-stop valves, and other details of the operation. The mime 


— 


a 
: ae 
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graphed report sells for $1.50. This report is now being evaluated from 


the technical-economic point of view by The Sugar Research Foundation, 


- 
<< 


Other reports on German Technology related to the subject ares 


PB=206 (Miscellaneous chemicals, I. G. Farbenindustrie 


——eooo 


A. Ge, Hoeschst am Main, by R. HE. Hichardson, Je G Kern, R. L. Murray, 


—_ 


and R. W. Sudhoff; mimeographed, 25 cents, 4.8=pagese) 


PB-15158 (The paint, varnish, and lacquer industry in Germany, rs 


by H. 0. Farr, mimeographed, $1.75; 66 pages) e 
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PB-2423 (Glycerogen, a substitute for glycerol and synthetic 
glycerine; by R. =. Richardson; photostat, #3; microfilm, 50 cents; 35 
pages). 

Orders for reports should be addressed to the Office of Technical 
Services, Department of Commerce, Washington 25, D. C., and should be aCe 
companied by check or money order, payable to the Treasurer of the United 
States. 

In August,1948, the Shell Chemical Corporation began the com- 
mercial production of synthetic glycerine from propylene. This synthetic 
product is stated to at least equal the natural product, After ironing 
out some initial difficulties, the plant should go into full scale pro~ 
duction. 


GLYCERINS PRODUCTION FROM SAPONIFICATION OF FATS AND OILS: As a by- 


product of the manufacture cf soap and fatty acids, the available supply 
of crude glycerine is dependent upon the principle raw materials entering 
into the production of these products. It follows, therefore, that the 
amount of low=priced or by=product oils consumed in these allied industries 
will require consideration, 

Crude glycerine is solely used as the raw mterial for the proe» 
duction of refined glycerine, The crude glycerine comes in two grades, 


soap lye, and saponification crude: 


Soap Lye Crude Saponification Crude 


Average Average 
Net Glycerol gO 
Organic Residue og thee 
ene ee race 
7.0% 8.5% 
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The bulk of the domestic production of crude glycerine is accounted for 
by three large soap companies (Proctor & Gamble, Lever Bros,, and Colgate), 
although many other firms contribute to the supply. The larger companies 
refine not only the crude glycerine which they produce, but also rectify 
substantial quantities of crude which they produce, 

The June issue of "The Fats and Oils Situation", of 1947 shows 
(28) the supply and disposition of soap in terms of fat content. It also 
shows the quantity of fats and oils by classes used in the manufacture of 
soap. The data shown therein may be used to estimate the available yearly 
output of soap lye crude, 

The estimated population in the United States as of July 1,1946 
is 143,058,144 people. In 1946 the average civilian soap fat consumption 
per capita was 12.0 pounds. The average yearly consumption for 15 years 
was 12.7 pounds per capita, (28). On this basis currently, 1,829 million 
pounds of soap fats and oils could be expected to be consumed in soapse 
The average per capita soap fat consumption for the eight years 1939 = 1946, 
was 13.6 and 13.9 when including armed services, indicating a total yearly con- 
sumption of approximately 2,000 million pounds of fats and oils. 

The activity in the synthetic detergent field is bound to have 
some effect on the consumption of fats and oils in the soap industry. 
First, because most of the synthetic detergents are derived from petroleum 
hydrocarbons and secondly, the manufacture of synthetic detergents is one 
of the fastest growing commercial developments, In 1941, 30 million 
pounds of synthetic detergent were produced (27) and in 1946, 125 million, 
In 1948, production is expected to triple that of 1946, while the capacity 


of 1949-50 is expected to reach over 700 million pounds, Gustav Egloff 
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(27) predicts the possibility of a billion pounds of synthetic detergents 
‘representing 25% of annual soap production within the next few yearSe 
However, it should be pointed out that despite the fact that 


synthetic detergents are being produced at a rate of about 600 million 


rounds per year, and that this production is increasing by about 150 
million pounds per year every yer, the consumption of soap is also risinges 

One reason for this is that synthetic detergents are being used 
for cleaning jobs which were simply left wmdone in the past, rather than 
being used as soap substitutes exclusivelye 

On September 24, 1947, Mr. J. C. A. Faure of Great Britain ad» 
dressed an audience in Paris and reported the status of the world fats 
and oils requirements, During war years 1943 and 1944, the United States 
produced nearly 4,8 million metric tons and in 1946, 4.0 million metric 
tons. The 1948 production level is expected to be equivalent to 1945 and 
for the next 3 or 4 years, the United States is likely to become again a 
net importer, that is, it will take more imports than exportse 

Highlights from the International Emergency Food Council (30) 
disclosed that the total world supply of 1947 was estimated at 10.3 million 
metric tons, while the pre-war annual average, 1935=1939 was 12.9 million 
metric tons. This is equivalent to 2.6 million metric tons deficit in 1947. 
Prospects for the supplies of fats and oils will continue below "effective" 


demand in 1948, and it is unlikely that the supply will regain preswar 


volume before 1950, if then. Meantime, population increases will reach to 


between aporoximately 5 to 10 percent above pre=—war, 


Considering the overall fats and oils situation and the deve Lope 
ments in the detergent field, it is estimated here that the average per 


capita soap, fats and oils consumption will continue at the 1946 level 
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between 1948-1950 of 12.0 pounds, annually. Thus, the outlook for this 
period is 1,728 million pounds of fats and oils consumed yearn Soaps. 
Table VI shows, along with past fats and oils consumed in the _ 
soap industry, the theoretically derived soap lye crude production sien 
on present outlooks, The theoretical available saponification coisa 


also shown, AS 

The 1948-1950 outlook indicates production of 206.5 niviaga a 
pounds of soap lye crude and 34.6 million pounds (395 tank cars) of sane 

ar) 

fication crude or a total of 244.5 million pounds of crude glycerine ane 
nually, 80% glycerol basis, Table IV reveals that such a factory productic 
was only exceeded once in the past - in 1944. . 

244.5 million pounds of crude glycerine (80% glycerol) is cau 
valent to 195.6 million pounds of crude on a 100% glycerol basis, on 
this basis, Table VIII shows that the expected production of crude in 
the United States for 1943 is 19@ million pounds against a consumption — 
of 212 million pounds, This would fall, (Table VI) some place between : 
an average and maximum outlook when considering the saponification crude 
output. This would be an optimistic outlook for 1948-1950 and could not 
be depended upon unless glycerine prices continuedat a high level and the 
demand existed. | 

Table VII shows that the production of crude in U. S. A. since 
1920 increased 2,5 fold by 1930; 3.5 fold by 1940, and now approximates 4 
five times as much, This production achievement is essentially accounted for b; 
consumer demand increasing the recovery from approximately 50% to a 


maximum of 88% (92x.95). No further increase in recovery can be economies 


cally expected over present-day levelse 


TABLE VI 


M'XIMUM THEORETICAL SOAP LYE CRUDE PRODUCTION 


h) 

a) (2) (g) | 

Fats ; Oils Theoretical Theor. Theor. Crude Yields Max. Obtainable 
Glycerol Available 92% Fat to Crude " _Crude 
Content Glycerol 100% Gly. 80% Glyc. 95% Theor. 


100% Gly. 80% Glyc. 88%Glyc. 
Se os eee ee eee 


1000# % 1000# 1000# 1000# 1000# 1000# 10004 
Avg.1937-41 1,641.989 10.97 180,126 165,716 207,145 157,430 196,788 
; 1944 1,967,246 10591: 202,823 186,597 233,246 177,267 221,584 
1945 1,749,218 10.22 178,770 164,468 205,585 156,245 195,306 
1946 1,504,886(b) 10.66 160,421 147,587 184,484 140,208 175,260 
Avg.Outlook 1,829,000(c) 10.8 197,532 181,729 227,161 172,643 215,803 
Max.Outlook 2,000,000(d) 10.8 216,000 198,720 248 , 4,00 188,784 235,980 
1947-50 " 1,728,000(e) 10.8 189 ,Q00 173 ,880 a Ne NS et 165,186 206,483 
THEORETICAL SAPONIFICATION CRUDE PRODUCTION 
1947-50 
Outlook 300 ,000(i)10.8 32,400 30,456(3)  38,070(j) 30,456(k) 38,070(k) 
34,,609(k) 
TOTAL CRUDE OUTPUT 
1947-50 
Outlook 195,642 244,533 


Ta) Hard oils (tallow class) and quick lathering oils (coco class) used in soap manufacturing. _ 
1937-1946 obtained from "Fats & Oils Situation" (28) Table 8-~--(b) Low fats and consumption 
in soap due to limited suppliers----(c) Calculated basis present population at 12.7 pounds per 
capita’ yearly consumption---(d)D.V. Stingley of Armour & Co. has reportedly stated (29) that 
the present total industrial consumption of Fats & Oils and Fatty Acids in the U. ». is now 
about 3.8 billion pounds: 
2000 million pounds - Soap 
1000 million pounds - Drving Oils 
140 million pounds - Lubricants 
650 million pounds - Miscl. Manufactured Products as rubber, leather, 
plastics, candles, cosmetics, tin, plating,etc.. 
This figure for soap probably includes fatty acids, the glycerol from which would appear as 
saponification crude. Nevertheless it is used here as a maximum fat consumption in soaps--—= 
(3) It is believed that a yearly per capital consumption of 12 pounds of Fats and Oils in soap 
will not be exceeded in 1947-50 due to the activity in the synthetic detergent field----(f) 
Calculated from the classes of fats and oils shown consumed in the Soap Industry(28) Table &. 
The glycerol content in the "outlooks" is based on approachment of pre-war level of coco-oil 
consumption in soaps----(g) A yield of 92% of the theoretical glycerol obtainable from-fats and 
oils to crude may be considered efficient recovery--—-(h) Not all soapers are in a position to 
recover glycerine from spent lyes, For many of the small soapers it would be economically 
unsound to invest in recovery equipment. It is estimated that the maximum recovery of theor- 
etical obtainable crude to market available or usable as raw material for refined glycerine 
i would be 95% of the theoretical---(i)300,000 million pounds of fats and oils (glycerides) are 
believed by many as a conservative yearly consumption entering the fatty acid field-—-~(j) A 
94% yield of theoretical glycerol from the hydrolysis of fats and oils under varying conditions 


may be considered a fair recovery-—-(k) Mast of this crude ma i rai i 
; ~\k) S y be considered awailable since 
mo st. manufacturers engaged in fat splitting find it economical to concentrate their sweet water 
to 88% saponification crude. 100% recovery is closely approached. 


TABLE VII 
CRUDE GLYCERINE IN U. S. A, 
Basic 100% Glycerine 
In 1000 Pounds 


(a) (a) (a) (a) (a) (a) (a) (a) 


Opening Pro- Closing Calculated Reported 
fear Inventory duction Imports Exports Inventory Consumption Consumption __ 
1920 11,240 43,750 -- --- 18,260 — --—— 
1921 18,260 51,160 ~ -—- 21,330 ~- — 
1922. 21,330 68,270 -— --- 20,710 isos Soe 
1923 = 20,710 79,660 — --- 20,760 none = 
1924 20,760 76,120 -- --~ 21,040 Soe nd 
1925 21,040 82,730 -- oa 12,370 --- pete 
1926 12,370 oe Sales hae --- 20,970 a pale 
1927 20,970 102 ,570 -- --- 36,520 ee 3 
1928 36,520 104,400 —- --- 31,650 —_- -— 
1929 31,650 112,060 — -—- 26 ,660 Eo aa 
1930 26,660 110,940 == --- 25,880 --- -—=- 
1931 25,880 112,000 10,138 328 34,430 113,255 fast ct 
1932 34,5430 107,140 5 382 260 44,500 102,192 -— 
1933 AL, 5500 95,850 3,473 --- 24,200 — — 
1934 24,200 122,500 15,081 --- 32,980 --- --- 
1935 32,980 112,948 68,221 3,353 34,400 116 , 396 --- 
1937 31,180 1355231 13,441 1,375 56,080 122,397 --- 
1938 56,080 129,696 13,097 3,746 77,670 117,463 -— 
1940 70 ,890 157,856 9,096 12,464 72,120 153,268 --- 
1941 72,120 195,283 9,020 9,585 60,349 206 ,489 207,871 
1942 60,349 177,435 6,105 32,638 56,659 154,592 189 ,034 
1943 56,659 171,933 9,821 24,563 30,914 132,936 169,902 
1944 $0,914 199,834 5,859 9,111 67,681 189,815 204,915 
1945 87,681 472,450 9,318. 7,598 — wikepaie 216,241 oem 717 
1946 45,710 156,823 9,809 654 43,154 168, 539 162,322 
1947 43,154 207,768 2,840 4,268 48,582 200,912 209,110 
1948 49,000 198,000 -—- -—— 45,000 202 ,000 212,000 

(est.) 


-~ ae ee 


i f Census, Dep't. of 
Data collected from Faets for Industry, Fats & Oils, Bureau o us, 
‘alte 1941-1945, 1942-1947, and 9 months in 1948; also from "Glycerin", Industrial 
Reference Service, Bureau of Foreign and Domestic Commerce U. S. Dep't. of Commerce-———- 


(b) See Table VIII. 


TABLE VILL 


1948 CRUD! PRODUCTION IN U. S. A. (a) 
Basis 100% Glycerine in 1000 Pounds 


Production Consumption 
January 20 , 4,03 ALi (OL 
February 13,413 19,696 
March 19,522 20,389 
April 15,578 16,049 
May 15,482 15,077 
June 16,915 19,438 
July 9,519 toy 
August 15,999 17,186 
September 15,582 17,586 
TOTAL - 9 months 147,413 158,339 
TOTAL - 1948 (est.) 198,000 212,000 


(a) Data collected from Facts for Industry, Fats and Oils Unit 


Bureau of Census, Department of Commerce 


TABLE IX 


REFINED GLYCERINE PRODUCTION IN U. Si2Aa (a) 
Basis 100% Glycerine in 


1000 Pounds 
Dyn. H, G.4) Yepe Coho oT 
\ 
oh 705837 85,085 155,92 
1941 86,215 108,112 1 
1942 107,523 73,058 = li 
1943 96,467 63,242 a 
1944 96 ,865 99,205 1 
1945 89,530 83,28, 172,814 
1946 64,180 84,383 148,56: 
S947 91,388 99,765 191,153 
1948 January 8,701 10,437 
February 7,947 10,294 
March 7,699 11,350 
April 6,715 8,293 
May 6,383 7,704 
June 8,772 9,050 
July 4,573 5,838 
August 7,045 8,991 
September 6,886 9, 48h 
TOTAL - 9 months 64,721 82,441 
TOTAL, 1948 (est) 87,000 | 110,000 197,000 


so 
(a) Figures from Facts for Industry, Fats & Oils, Bureau of Census, 
Dep't. of Commerce ------ 
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In terms of refined glycerine, 24405 million pounds of crude 
glycerine (80% glycerine), considering a‘yield of 97%, and an average 
market grade of 97.5% glycerol, is equivalent to 194.26 million pounds, 
The estimated consumption of refined glycerine in the United States, 
1948-1950, will be 192 million pounds amually. (Table I). It should 
be mentioned that no allowance has been made so far for net exports which 
affects total disappearances 

Table IX shows that an expected production of refined glycerine 
in the United States for 1947 was 190 millions, This is just below the 
overdll estimated demand. 

The demand has reached the possible presenteday level of supply 
from natural sourcese 
SYNTHETIC GLYCSRINE PRODUCTION: During the first World War and as late 
as 1940, the chemical world had avoided or had but little success with 
synthetic glycerine, Production of substitutes was resorted to rather 
than attempting to make synthetic glycerine at a price comparable with 


the natural product, by=product of the soap=making industry. 


The Shell Chemical Corporation in August, 1948 started the 
commercial manufacture of synthetic glycerine from propylene inan $8 
million plant located at Houston, Texas, The annual plant capacity is 
30—35 million pounds (27). It is believed that as much as 20=22 million 


pounds of this synthetic glycerine have been contracted for annually for 


the next few years, 
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In 1936 a survey by the Shell Development Co. disclosed that 
new and increased uses of glycerine were bringing the supply and demand 
sufficiently close together to justify a shortage of glycerine in the 


near future, This apparent outlook, together with wide fluctuations in 


glycerine price and the unsuccessful attempts to make a high grade glycerine 


at economical cost by fermentation processes led to the belief that synthe= 


tic glycerine had considerable possibilities, 


—- ee 


for glycerine Shell(31) felt that the most direct are those starting with 
the three carbon skeleton. Their attention was directed to the unlimited 
amounts of propylene and propane that were available, 

Thousands of investigations suggested a synthesis starting with 
propylene to allyl chloride to allyl alcohol, or to glycerine dichlorohydrin 
to glycerine. The discovery of the "hot chlorination" of propylene made 
the process feasible, 

Actually two alternate possible methods exist for the conversion 
of allyl chloride to glycerine. Allyl chloride is formed by a combination 
of 3 to 5 mols of preheated propylene (400°C,) with a mol of chlorine. The 
resultant reaction occurs at 500—530°C., and the allyl chloride which is 
formed in yields of 80% or better can be purified by fractional distillation, 

Allyl chloride can be treated in two ways: (1) hydrolysis to 
allyl alcohol, chlorhydrination to monochlorhydrin and hydrolysis or (2) 
direct chlorhydrination to glycerine dichlorohydrin and hydrolysis. 

The fact that Shell has announced the production of several 
million pounds of by-product trichloropropane yearly indicates that the 


second method has been chosen, 
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The dilute saline glycerine solution, after concentration in 
multiple-effect evaporators, must be desalted, and vacuum distilled to a 
99% puritye 

When this plant is working at capacity production, it has been 
estimated that glycerine can be sold profitably at about 25¢ per pounde 

At first, considerable difficulty was encountered in purifying 
the prepared glycerine to meet U.S.P. standards. A very successful method 
was finally established. 

The original synthetic glycerol is obtained in a dilute crude 
form, This is concentrated in much the same way as spent soap lyeSe By 
making aporopriate cuts during the distillation, extracting with a solvent 
as xylene ( U.S. Patent 2154930)*and redistilling, a glycerine is secured 
which meets all commercial specifications. 

The ultimate overall yield of finished glycerine from allyl 
alcohol is approximately 90 per cent. 

TYPICAL ASSAY OF SHELL'S SYNTHETIC GLYCERENE AND ITS TOXICITY; A claim 
is made that this synthetic glycerine will be better than any glycerine 
offered in the market: 


The following was given as a typical assay: 


Density 20/4 - 1.2611 

Chlorine - 0,002 % 

Acids and Esters ~ 0,002 (6) equiv. per 100 grams 
Readily Carbonizable Substances - Straw color - passes U. S. P. 
Taste — Sweet 

Odor - Not detectable 


Color (Pt-Co) - 0.5=practically 0. 


Mr. E. Ross Hart, as disclosed in a publication (33) of the 


University of California, made a "Pharmacological Comparison between 


Synthetic Glycerol and Glycerol prepared from Natural Oiis.' 
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This research was supported by the Shell Development. Co. and the glycerine 
put to test was made synthetically from the toxic intermediates, allyl ‘a 
chloride and allyl alcohol. It was revealed that chemically undetectable 


amounts of these contaminants my occur in the final product and that this 


~~» 
o 


synthetic glycerine from propylene presents possibilities of use in foods, 
A beverages, and pharmaceuticals, It was not possible to demonstrate any 
Significant difference between pharmacological properties of the sample F 
of glycerine prepared from propylene and those of glycerol derived from 
natural fats and oils. The conclusion, therein, was as follows: - a 
"Investigations of toxicity on oral administration, local 
irritation, and effect on striated muscle have shown no significant 
differences between synthetic glycerol and the product obtained from 
natural fats and oils." This would mean that synthetic glycerine can 
be used as a plasticizer for cellophane, 
INT=RMSDIATES AND DERIVATIVES FROM SHELL SYNTHETIC GLYCURINE PROCESS: 


A number of intermediates and derivatives will be made come 


mercially available by the Shell synthetic glycerine process. Forfterly, a 


‘~ 
or» | 
= 


these were made in quantity only by synthesis from glycerine. The 
developments of such compounds in the past were hampered by the un= 


certainty of glycerol prices. It is believed that on the development. 


o 


of outlets for these intermediates and derivatives rests an economically = 


: successful process of glycerine which would be reasonably competitive to e ‘ 


the natural glycerine products from fats and oils. The promotional : 
efforts being made by Shell substantiate this opinion ae thee objectives 
is CLYCERINE RGFINSRS: PLANT LOCATIONS: Table X represents the compiled 


data that was collected on manufactures of refined glycerines 


TABLE X 
MANUFACTURERS OF REFINED GLYCERINE IN THE U. 5S. A. 


Gompany. Plant 
proctor & Gamble Co. Long Beach, California 


Staten Island, N. Y. 
Dallas, Texas 
Baltimore, Maryland 
Quincy, liassachusetts 
St. Louis, Missouri 
Chicago, Illinois 
Cincinnati, Ohio 


Colgate-Palmolive-Peet Co. Berkley, California 
Jersey City, N. J. 
Brooklyn, New York 
Jeffersonville, Indiana 
Kansas City, Kansas 


Lever Brothers Co. Ste Louis, Missouri 
Hammond, Indiana 
Baltimore, Maryland 
Cambridge, Mass. 


Shell Chemical Corp. Houston, Texas 

Armour and Co. Babbitt, N. Jd. 
Chicago, Illinois 

Swift and Co. Chicago, Illinois 

Harshaw Chemical Co. Philadelphia, Pa. 
Cleveland, Ohio 

Reichhold Chemicals, Inc. Detroit, Michigan 

Pacific Soap Co. San Diego, California 

BE. F. Drew Co. Boonton, N. J. 

Beach Soap Co. Lawrence, Masse 


Source = Chemical Engineering, Oct. 1948, pe 335. 
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From Table X, it may be seen that there are now 10 glycerine “a 


refiners of the natural product from fats and oils with twenty-six plants — 


— 
and one manufacturer of synthetic glycerol from propylene in the United — z 


States, The overall production level of market refined glycerine will : > 


in the neighborhood of 217 million pounds yearly starting with 1948. _ 


= 


There are many users of glycerine but the end consumer of glycerin 
oer 


~~ 


in products etc. is the public, Glycerine is sold to processors of various 


—— 


products closely located to their key market locations, It follows, there 
fore, that the principle market for glycerine will be close to highly 


populated areas, . Ee 
re 


GLYCSRINE PRICES: TRENDS: OUTLOOK: Economically speaking, since the 


a 


turn of the century, glycerine has been in a bad way. The price of thi: “a 
important commodity has always been affected by the fact that glycerine — 


production was not controlled, chiefly due to its being a by-product of the 


soap industry. 


Furthermore, the price of glycerine has never actually borne 


any definite relation to the price of soap=making raw materials, Soap — a 
a 
production varies directly in effecting soap lye crude glycerine output, a 


i Ais a8 
but the average efficiency of recovery only improved as consumer demand ir — 


creased the urge for production. Today, primarily on account of the d enand f: 


‘4 
a 


glycerine with essentially the same existing plants, glycerine recovery a 
i £ 


has reached an economical high overall yield of approximately 88% from om 
consumed soap fats to crude. From 1928 to 1939 inclusive, the average ef= — 
ficiency of recovery of glycerine advanced from 50 to 75 percente 

The fatty acid industry also supplies recovered glycerine in 
the form of saponifization crude. Previously less, but presently it 


accounts for 16 per cent of the total available crude. The recovery 
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yield in this industry is as high as 94 per cente 

The law of supply aud>demand alone has dictated the prices of 
refined glycerine. However, the present-day demand has reached the 
possible supply of glycerine in the form of by-product of the soap and 
fatty acid industry. 

In examining the trend of prices in the past (40), the price 
of C.P. glycerine rose from 11¢(1906) to 20¢(1910). The high and low 
for 1910-1915 were 26¢ and 16¢ respectively. 

At the outbreak of hostilities in 1914, World War I, the 
countries of Lurope were found with very limited stocks of glycerine. 
As a point of interest, the estimated world production of glycerine 
in 1913 was 135 million pounds per annum, with the United States 
producing 40 million pounds of this total, calculated on the basis 
of the 80 per cent crude. On account of war demands the price of C, P, 
Glycerine went from 22¢ in 1915 to 60¢ on the first of 1916. During 
1916 there were some fluctuations, the high wes 60¢, and the low 37¢. 
In 1917 the price of C.P. Glycerine rose from 52¢ to 67¢ with a high 
of 70¢. ‘With a sudden decrease of glycerine demand, toward the end of 
1918 the price dropped sharply from 67¢ to 16.5¢. During 1919, the price 
went to 2h.5¢. 

Figure2 reveals the trend of C.P. glycerine from 1920 to date, 
It also shows the price of soap lye crude since 1938. The price of 
saponification crude is usuaily 1¢ higher than soap lye crude when the 
price is approximately 8¢. In the range of 20¢ and 30¢ for soap lye 


crude, the price for saponification crude is normally 2¢ and 3¢ higher 
>? 


respectively, etc, 
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In contrast to the condition that existed prior to the first war, 
the production of crude in the United States by 1939 had risen to 184.5 
million pounds and the world output was probably 350 million pounds, During 
these twenty-five years the situation had changed considerably. The con- 
sumption of glycerine had increased tremendously and the warring countries 
of Europe were in an excellent position as far as glycerine was concerned, 
All during World War II hostilities, the price of C.P. glycerine was 
reasonable, if not low, due to Control by the Government, 

On Jamary 1, 1944, glycerine was removed from specific allocation, 
allowing most civilian glycerine users the quantity used in 1940. Prior to 
1944, some civilian users were seriously curtailed. Hy May 13, 1944 the 
War Food Order 34 was revoked. With the expiration of 0.P.A. ceilings 
temporarily on about July 15,1946, the price of C.P. glycerine immediately 
shot up to as high as one dollar per pound in some transactions, The 
average selling price was probably 554¢ per pound. However, the OPA 
ceilings were restored on approximately August l, 1946. On about November 
14, 1946, the OPA ceiling price for C.P. glycerine was removed and Figure 
2 shows the story. The price rose to 76¢ and by January 1947 began taper= 
ing off reaching 293¢ by July 1947. Since November 1947 the prices for 
C. P. glycerine have been on an incline, 

Most refiners resented the condition that existed prior to the 
end of OPA ceilings. There was a ceiling selling price on domestic 
refined glycerine, but on account of the demand, imported glycerine which was 


removed from such ceilings, sold for as high as 91¢ per pound. 
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It is apparent from the current trend of prices that future 
increases in glycerine consumption will largely depend upon a reason= 
able and steady price level. It may be noted in comparing prices of 
Figure 2 and corresponding disappearance figures of Table IV, that the 
consumption of glycerine increased when the price was steady and reason= 
able, 

The announced production of synthetic glycerine changes the 
enjoyed situation of supply and created demand for the glycerol refiners 
from fats and oils. Unless maximum recovery yields are maintained to 
assurg reasonable price stability to the consumer, additional synthetic 
glycerine plants may enter the picture eventually, affecting their by-= 
product outlet. Of course, this is on the assumption that glycerine 
consumption remains within the controllable limits of soap manufacturers. 
In the long run, fermentation glycerine and large imports of it may be 
possible, 

If the glycerine consumption increases and records indicate 
that it has not levelled off for any length of time, the price stability 
that will no doubt result by the availability of synthetic glycerine 
should be welcomed by users, providing the natural refiners can produce 
glycerine comparable in quality to the synthetic glycerol. Since the 
soap and fatty acids industry has reached the peak of its output 
of glycerine, basis fat and oil consumption, the synthetic glycerine also 


puts a check on the infiltration of glycerine substitutes primarily due 


to high prices, 
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Je tARIFF: Agreements reached by negotiation with twenty-two nations at 
the Geneva Conference concerning tariff cuts under international agree= 
ment have been made public by the United Nations (41). Crude and 
refined glycerine were among the selected list of goods imported into 
the United States for which tariff concessions were made, The agrees 


ments on glycerine effective January l, 1948, are as follows: = 


Existing rate Proposed rate 
cents per lb, cents per lb» 


Glycerine, Crude 0.8 0.4 
Glycerine, Refined 17/15 I 


Whether there will be any separate trade agreements with duties 


below the proposed rate, as in the 1945 tariff rate (42), is still to be 


! 
determined. The low tariffs may indicate the possibility of making glycerine ) 
in molasses rich countries and shipping it to the United States for consumption, ; 
K, IMPORTS AND EXPORTS: Table IV shows the total imports, exports, and net 
imports or net éxports since 1919, From 1920 to 1938 the United States 
imported a net average of 15 million pounds of crude and refined glycerine 
yearly, basis 80% glycerol. The bulk of these imports was in the form of 
crude glycerine. 
In 1939, the net imports were only 2.6 million pounds, Then 
from 1940 to 1945 inclusive, net averagesof 11.5 million pounds were 
exportede 
In 1946, 24.3 million pounds, 80% glycerol basis, were the 
net import. Approximately sixty percent of this import was refined gly- 


cerine, a record high for refined glycerine imports into this country. 


un = 


This may be attributed to the fact that U.S. factory production was 
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below the existing demand, chiefly on account of the producers! and refiners! 
outlook on existing market conditions. Nevertheless, the total 
consumption was not far below normal; but aside from the large imports 
of refined glycerine, the stock on hand the first of 1946 was reduced 
almost 50% by the end of the year. 

In 1947, the production was some 60 million pounds over that of 
196, and a 12 million pound increase is estimated for the 198-50 outlook (see 
Table VI.) With such a production, the demand will be mete 

During 1947, the net exports were 1.5 million pounds, This 
substantiates the general consensus that the United States will become an 
exporter in the immediate postwar yearse Two to three million pounds 
of glycerine may be exported yearly (14). 

Prior to the war, Ganada was the largest foreign market but 
with an increase in her output other markets must be counted on. Past 
records of exports are of little significance, primarily because of fat and 
oil shortages abroad which are &xpected to continue until 1956. European 
and Asiatic countries present themselves as especially good markets. 
U. S. S. R, could occupy first place as an outlet for our refined glycerine, 
depending upon trading relationships. Mexico, Cuba and South American 
countries could be developed to larger markets than they are today. 

Except in 1946, crude glycerine imports have been much larger 
than the refined grade. Argentina and Cuba have been the main suppliers 


since World War Il. Besidesthese ountries, U.S,S,R, and the Philippines 


were fair sources prior to the war. In 1943, Canada and Uruguay ac= 


counted for one third of the total import, 


The yearly outloox for total disappearance of market gré 


glycerine in the United States during 1948-1950 may be <a 
195 to 202 million pounds, This considers a yearly consumption 


million pounds in this country and a net export from 3 @ 10 a ri 


yearly. Until synthetic glycerine production goes into full s 


exports probably will not exceed two million pounds per an 
aT aoa 

elycerin may well enter the picture in the forseeable future. " 
i : 


Beccomne Corporation of Cuba, which is a U. 5, owed compe yy : 


building a glycerine plant in Matanzas which will be based on mo 
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V. THE PRODUCTION OF GLYCEROL FROM SUGAR BY FERMEN TATION. 


Digest of the Final Report on S.R.F. Project Noe 5 
by Carl Neuberg, New York University. 


The production of glycerol from sugar by fermentation with yeast 
is a problem which was developed during the last world war. The methods 
in use are based on the recognition that acetaldehyde is formed as an 
intermediate in the breakdown of sugars in alcoholic fermentation, and 
that its immediate precursor pyruvic acid, by decarboxylation under the 
influence of carboxylase, is responsible for the terminal carbon dioxide 
of the fermentation. 

In an equilibrated system, as is actually the alepholic cleavage 
of sugar, a trapping of the aldehyde step or elimination of acetaldehyde 
by other means than its final reduction to ethanol, demands the equi 
valent accumulation of another reduction product. To bring about this 
condition, reactants had to be found which only attacked the acetaldehyde 
step without impeding the enzymatic decomposition of sugar, This result 
can be achieved in two principally different ways. The one is qualified 
as purely chemical, the other one as biochemical, 

The purely chemical way consists of trapping the acetaldehyde 
either by binding or condensation. Suitable agents for this purpose were 
on one hand the sulfites, on the other hand dimedon (dimethyldihydro- 
resorcknol) and certain hydrazine derivatives reacting with sugar very 
slowly, as for example, semiscarbazide, thiosemi=carbazide, or 2,4-dinitro= 
phenylhydrazine (in neutral medium). 

The second principle is the protection of acetaldehyde from its 
normal course of reduction to the final product ethanol, the somcalled bi- 


ochemical dismtation., The latter causes a biochemical Cannizzaro 


CO 
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reaction, i. e., the dismutation of two molecules of acetaldehyde to dne 
molecule of acetic acid and one molecule of ethanol. This enzyme re= 
action takes place when the mutase (oxydo-reduction) system is activated 
by hydroxyl ions, 

The elimination of acetaldehyde by carboligatic reaceean 
demonstrates another biological principle. In the latter case acetalde= 
hyde is being combined with another aldehyde added to the mash, as fox 
example with acetaldehyde under the formation of acetoin (acetylmethyl-— 
carbinol). 

Both types elucidate clearly the removal of acetaldehyde, i.e., 
of an oxidative step. It could not be predicted that the yeast would then ~ 
perform its correlative reduction work by accumulating an equivalent amount 
of glycerol. | 

These theoretical foundations were built by Neuberg and co— 
workers in the years 1916-1921. 

For economic reasons only two methods for biochemical glycerol 
production are practicable, 

1. The fixation of acetaldehyde employing sulfites and 
2. The elimination of acetaldehyde by dismutation using 

weak alkalis, as for example, sodium carbonate, magnesium. 

hydroxide, or alkali phosphatese 

Both methods have been employed technically. The sulfite process 
was protected for Connstein and Luedecke under the German Patents 298 , 5943 
298,595; 298,596, May 1916, and U.S.P. 1,368,023, Feb. 8, 1921; 1,511, 754* 
Oct. 14,1924; whereas the alkali carbonate process was protected by Eoff 


under U.S.P. 1,288,398; Dec. 17,1918. 


* , copy of this patent may be found at the end of this report. : 
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The yields of glycerol on sugar obtainable in sulfite 
fermentations have been determined by Neuberg and co-workers (Neuberg 
and Reinfurth, Ber. 52, 1677, 1919), as follows: 


33g Na2SO3 on 100g sugar 11.90g CHaCHO 23.373 CH20H.CHOH.CH20H 
50 " " 100 Lae, 1 O86 " 
75 " " 100 "t 13.89 t 27261 rT 
150 +" " 100 " 18.65 " 36.90 " 
The equation 
C6H120¢ = CH3CHO4#CO26C3H803 , 


or if the participation 
of sulfite is considered, 


C6H}2064Na2S03 +H20 = C3Hg03RCH3CH(OH) 0SO2Na$ NaHCO3 

is valid at every moment of the fermentation for all sulfite concentrations. 
The maximal yield of glycerol for 180 g sugar could be 92 g glycerol or 51 
per cente In practice only about 72.6 per cent of the theoretical yields 
were achieved. This fact is caused on one hand by the yeast not being 
able to endure larger sulfite concentrations, —— and on the other hand by 
that part of the sugar which is not incorporated in the above equation 
and decomposes by normal alcoholic fermentation to ethanol and carbon 
dioxide, The yield of 39.18 percent of glycerol on sugar was achieved 
only with a special strain of yeast, saccharomyces.Saké, which is es= 
pecially insensitive against large salt concentrations (Kumagawa, Bio. 

Ze 131, 148, 1922). According to Connstein and Luedecke,(Ber,. 52,1385, 
1919) only 34.6 per cent glycerol yield was obtained by analysis with a 
simultaneous yield of 17.6 per cent acetaldehyde. The above workers found 


either too much or too little aldehyde; they did not recognize its 


formation equivalent to glycerol. 


® m 
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The low yield of glycerol isolated in practice, 19 = 21 g of 7 

glycerol per 160 g sugar, is only caused by the great difficulties of ‘ 
the purification of fermentation glycerol. 3 
In the dismutation process glycerol yields of 14.2 per cent 

were achieved according to the statements of Neuberg, Hirsch, and Reir 


(Bio. Ze 10 ’ 307, 1920). 


4 


The extraction of the acetic acid formed simltaneously was 
tried by J.W. Lawrie, U.S.P. 1,909,183; May 1933, but would hardly pay; on 
whereas it is profitable to isolate the acetaldehyde formed in the sulfite 
fermentation method. During the purification of the glycerol the ace ade 
hyde is automatically set free from its bisulfite compound, Alkali 4 
carbonate formed from bicarbonate in the concentration of the glycerol" 
mash sets the acetaldehyde free from its bisulfite compound according | 
the following equation:— | 
CH3CH(OH)OSO2Na +NazC03 = CH3CHO+ Na2S03 ~-NaHCO3 : : 

The equivalent formation of acetic acid, ethanol, and glycerin 
in the so-called third form of fermentation (Neuberg and Hirsch, Bio.Z. 
100, 316, 1919) 

2 CéH 20% H20 = C2H50OH 4 CH3COOH+2 CO2 # 2 CgHg03 
was not recognized by Eoff, Lindner, and Beyer (Ind, and Eng. Chem. XI, 
842, 1919) 

Insignificant modifications have been described, but as far 
as known, have not been used in practices One of those modifications for 
example was the addition of "catalysts" to the sulfite fermentation which 
allegedly increased the glycerol yield. It cannot be clearly seen, nor 


has it been proven, that the suggested addition of iron, cobalt, nickel, 
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manganese salts, and the like actually improved the glycerol yield. 

Tt is also not understandable why these oxidation catalysts should 
improve the yield of a material formed by biochemical reduction. The 
respective patent owners probably gave those specifications in order 
to try to make some profit even after the original sulfite patents had 
expirede 

In a patent application by Hugo Haehn (German application; 
Oct. 31, and Nov. 28, 1936; French Patent 829,263, June 17, 19383 
British Patent 488,464, July 7, 19383. and U.S. P. 2,189,793, Feb.13, 
1940), the inventor transmits to the sulfite process, without especially 
mentioning it, the welletried method of producing yeast by aeration. 

He wants to cut the longer lasting fermentation time by injecting air 
for about 8=10 hours. He furthermore claims to have achieved an in- 
crease in glycerol yield up to 34 per cent. 

It was an important task to examine these claims, because a 
diminution of the fermentation time, as well as an increase in glycerol 
yield constitute economically important factors, 

A thorough study of glycerol fermentation in the presence of 
sodium sulfite, with simultancous injection of oxygen, has been under» 
taken by Dr. Neuberg together with Mrs. Gertrude D. Maéngwyn=Davies, 

The experiments were set up in the laboratory in the following 
manner. Series of sulfite fermentations under practically anaerobic 
conditions were run, simultaneously fermentations with the injection of 
oxygen from a gas bomb, air, nitrogen, or earbon dioxide were set UPe 
The experimental conditions were varied by fermenting partly at room 


temperature (180 — 24°C), partly in an incubator at 30°, and 36°C. 


: e e ° e e e e * e o 
A copy of this patent may be found at the end of this report, 
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The experimenters were unable to achieve Haehn's fermentation time of 
8-10 hours, but it has to be considered that Haehn used a special 
apparatus for fine aeration. This procedure is different from the one 
used since the laboratory was only equipped for simple gas injection, 

A possibility existed that the diminished fermentation time : 
was simply caused by the better distribution of the yeast, i.e., by the 
swirling of the mash owing to the injection of oxygen or air, There= 
fore, further experiments were undertaken employing other gases, namely, 
nitrogen and carbon dioxide, always simltaneously with fermentations 
without using any gas. 

A few words should be said regarding the analytical methods 
employed. The determination of acetaldehyde was undertaken after Neuberg 
and Reinfurth (Bio.Z.89, 365,1918), Kobel and Neuberg (Handbuch der Pflanzen= 
analyse IV,1264-66,1933), as well as Neuberg and Gottschalk (Bio. Z.146, 
164,1924,), with three practical significant modifications. The determi-e 


> 


nation can be undertaken either in the clear centrifuged mash, or after 


the simple purification of the mash with barium chloride (precipitation 


of the excess sulfite and the sulfate formed). Instead of the formerly 


> . 


used p-—nitrophenyl<hydrazine acetate, 2,4~dinitrophenylhydrazine hydro— 
chloride was employed, 

The value found for acetaldehyde is exact when the determination 
is carried out in the following manner, The 2,4—dinitrophenylhydrazine 
hydrochloride is dissolved in 2 N hydrochloric acid, to this solution an 
absolutely clear aliquot of the mash is added at room temperature, and 
left standing for about 12 hours, The acetaldehyde originally prego 
in its bisulfite complex is thus precipitated without any loss. Only 


after this incubation period in the cold, is the determination mixture 


ee eee EE 
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heated on the water bath for 1 to 2 hours, During this period free reagent 
goes into solution, and the acetaldehyde-2,4—dinitrophenylhydrazone prée 
cipitates in a well filterable form. It is advisable to add 2 N hydro= 
chloric acid during this heating period. The material is then suctioned 
off hot through a glass sintered gooch crucible, first washed with cold 

1 N hydrochloric acid, and then with cold distilled water. The crucible 

is dried in vacuo to constant weight, 

The acetaldehyde determination can also be undertaken by distik 
lation over calcium carbonate with especially good cooling. The mash is 
prepufified with barium chloride. This procedure gives good results but 
the possibility of loss is obviously increased. 

Glycerol determinations were made after the following purifi- 
cation procedure: The excess sulfite and sulfate was precipitated boiling 
hot with barium- or lead acetate after Neuberg and Reinfurth ( Bio. Z. 89, 
363, 1918). The same method is later also employed by Tomada (J. Soc. Chem. 
Ind., Japan, 48, 76, T, 1929), and known in this country as the Tomada method. 
The excess barium or lead is precipitated hot with sodium carbonate, The 
filtrate is acidified with acetic acid and concentrated on the water bath, 
The separation of glycerol from the salts and other materials can be done 
with alcoholeether as usual, It is unnecessary to use this further puri~ 
fication when the material is made up to volume after the soda treatment, 
acidification, and concentration, as ethanol and acetaldehyde escape. The 
glycerol is then determined after the Zeisel-Fanto, Stritar method in an 
aliquot part. The last traces of alcohol escape definitely when the 


material is further concentrated in the Zeisel apparatus as prescribed 
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for the determination. Correct values can only be obtained by the Zeisel= 
Fanto method, whereas with the periodate (Malaprade: Soc. Chim, France, 

Bull. 43, 683,1928; modification by Fleury and Fatome: J. de Pharm, et 

Chim. ser, 8, 21,247, 1935) and cerate (Fulmer, Hickey, and Underkofler, . 
Ind. Eng. Chem. Anal. Ed, 12, 729,1940) methods the glycerol amounts 

found are too high. 

These methods, excellent per se, fail for fermentation glycerol 
because the agents employed therein tend to oxidize other materials <4 
present in mashes which do not yield alkyl iodide in the Zeisel-Fante 
method. 

It mist also be taken into account that during aeration the 
sulfite used as trapping agent might be either directly oxidized to 
sulfate, or that a halving partition of the oxygen action between sulfite 
and substrate might be manifested, The latter is a consideration coming 
to mind when one compares conditions to those found by Neuberg and Kobel 


for glyoxal or methyl-glyoxal in the presence of sulfite, where the former 


are oxidized to glyoxylic or pyruvic acid and the latter to sulfate, 
Sulfite-sulfate balances were therefore carried out. The experiments 
showed that comparatively little sulfite was oxidized to sulfate even on 
oxygen injection. The oxidation balance amounted to 13 per cent if the 
determinations were carried out at the exact time when all the sugar had 
been fermented. When oxygen is being injected for a longer and unnecessary 
period, i.e., after termination of the biological process, oxidation up 

to double the above percentage can be obtained. When air was employed the 
oxidation reached 4 per cent only, an amount by no means larger than the 


absolutely unspecific oxidation taking place without any gas injection. 
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When nitrogen was injected the oxidation balance had practically the same 
percentage value. The sulfite-sulfate balance was determined after 
Neuberg and Reinfurth. 

When injecting nitrogen the glycerol yield was the same as on 
aeration, but the fermentation time increased from 14-18 hours to 98 
hourse 

For comparative purposes, sincé gas injection causes similar 
phenomena as stirring, fermentations with stirring and without gas ine 
jection were set up. The fermentation time was also considerably cut, 
namely to 24 hours. In this case the mash was not stirred with exclusion 
of air so that air might have been stirred in, despite the carbon dioxide 
atmosphere produced by the fermentation. 

The equation for the second form of fermentation 

C6H1206 = CH3CHO = CO2 + CHoOHCHOHCH20H 
is no longer valid when working with gas injection. The gas stream frees 
acetaldehyde by dissociation from its bisulfite complex, which was veri= 
fied as follows: The gas after it left the mash passed through wash 
bottles containing sodium bisulfite or hydroxylamine solution. The acew 
taldehyde, easily traceable by the sodium nitroprusside reaction, was 
found in its bisulfite complex or as acetaldoxime, 

Carbon dioxide injection showed a bad effect on both top yeast 
brands employed (Fleischmann and National Grain, both bakerts yeast). 

The sugar was not fully fermented even after 6 days and the yeast had 


died. Fresh yeast added during this period had died also, 
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The yeast was still alive, although in different conditions, 
at the end of the fermentation experiments when oxygen, air,or nitrogen 
were injected, as well as when no gas at all was employed, 

These results allow us to draw the following conclusions: The 
beneficial action of the aeration (diminution of fermentation time) is 
caused by the improved state of the yeast under the detrimental condie 
tions of the sulfite Bibetratae A stimulation by oxygen cannot be the : 
sole cause, as the yeast shows practically the same behavior when nitrogen 
is used, except for the lengthened fermentation time and a slightly 
worse physiological state. Yeast growth on nutrients cannot be fully 
excluded. The amount of nitrogen added is 0,064 g.nitrogen, i.e., 
maximal equivalent to 0.4 g protein for 6 g of yeast (dry substance 
1.8 g). The protein might amount tb approximately 0.8 g yeast. In fact, 


experiments without nutrients showed that the glycerol yield was identi- 


cal, but the fermentation time increased to about triple. It was still 
considerably shortened in comparison to a fermentation run without any 
gas with and without nutrients, The nutrients demonstrate a combined ; 
ionic influence. Whereas the fermentation time was cut to 14=18 hours 
when a mixture of the nutrients was employed, it was increased to 46—50 
hours with only magnesium sulfate, and even to 72 hours with ammonium 
phosphate alone. When not using any gas the fermentation time is the 
same with and without any nutrients, namely 140 hours, 

It was dogma up to now that sulfite fermentations could only be 
undertaken with top yeast. In the present work it has been established 
for the first time that sugar can be fermented for glycerol using 


brewer's yeast. We employed yeast from the Piel Brewery. When the 
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amount of bottom yeast used is about triple the amount of top yeast, the 
fermentation time is nearly doubled. The glycerol yield is lower when 
too large amounts of yeast are employed but remains considerable, Un-= 
expectedly fermentations without any gas were finished within 50 hourSe 
The preliminary results of the present work can be seen from 
the enclosed table. 
TABLE: 
All set ups had the same composition as follows: 
( 15 g glucose 
A 9.3 ammonium phosphate (NH) ) HPO), 
90 ml tap water 
9 g disodium sulfite 


0.15 magnesium sulfate 
60 ml tap water 


to 
oan 


Half the amount of yeast was added to solution A until the mash fermented 
visibly, then solution B dripped in during an average time of 2 hourse 
After another 30 minutes standing the second half of the yeast was added. 
After yeast addition the mash was always shaken thoroughly until the yeast 
was well distributed. When gas was used, the gas injection was started 
simultaneously with the sulfite solution starting to drip. 


The disappearance of any sugar reaction using Osts's reagent was taken 
as the end of the fermentation time (Fehling solution is not suitable be- 
cause of the acet-aldehyde present). 


Glucose was used throughout all experiments, but saccharose might have 
been employed with identical results. The inversion is not changed 


under above conditions and takes place much faster than the fermentation 
itself, 


An oxygen fermentation with the addition of ammonium phosphate alone was 
finished after 72 hours. An oxygen fermentation with magnesium sulfate 
alone as nutrient was finished after 28 hours; and oxygen without both 
nutrients was completed after 28 hours, too. These fermentations were 
set up simultaneously, samples taken every hour starting with the 7th 
houre The fermentations were set up in the incubator at 30°C, 


ROBERT S. ARIES TABLE November 30, 1948 
No. Date a Yeast ponte Pog Rommene Gas used S04 (H3CHO C3Hg03 
19 12/ie/u, N.C. 30 ‘Fresh 35 —30F 0g — Spgs SOR age 
22 1/2/45 N.G. 20 Fresh 35 26% 02 11.2 835 21698 
26 1/9/45 N.G. 6 Fresh 35 Qu air stirr- 7.68 12.76 23,01 
27 2/27/h5 Fl, 6 Fresh 35 2L* cir, ger 27eCl 10.88 2267h 
28 i" Fl. 6 " 35 Le No 3036 11.42 23,87 
29 3/7/h5 Fl. 6 Fresh 35 26% °2 gas stop-4e76 13.54 28430 
ped after 3 hrs 
30 " Fl. 6 " 35 52 None — 4.69 12.92 2720 
Bameasois/s- F1, 6 Fresh 35 19% 02 12.98 10.68 28,0 
3h 9 Fl. 6 4 35 90 None — he4S 13236 27.92 
35 4/3/45 Fl. 6 Fresh 35 90 None — 4e48 13.51 28,29 
36 " Fl, 6 " 35 90 None — — 13.38 27.96 
37 4/10/45 Fl. 6 Fresh Room 20% 02 —— 10.95 25.13 
38 " F1.(3) 6 i Room 168 None —= ~~ 11.93 24.93 
added 3 g after 140 hours . 
39 «4/17/45 Fi 6 Fresh Room 193% 02 «16.2 11, 060an 
10 " Fl. 6 " Room 203% air helt 10.39 25ehh 
42 4/2h/k5 Fl. 6 Fresh Room 14 02 13.01 10.40 26,12 
13 " Fl. 6 " Room 15 air 3075 7033 26.64 
bh 4/30/45 Fle 6 Fresh Room 19h Se — 8.97 26.23 


45a 5/10/45 Piel 30 1 day Room 25% 02 —~ 10,23 eee 
16a " Piel 30 " Room 96% None — —=- 10.47 22,06 
50, 5/16/45 Piel 20 Fresh Room 494 None — -— 10,71) eee 
5, 5/17/45 Piel 20 1 day Room 26 O2 ——— 9,09 eee 
52, Piel 20 " Room AD air -—— 7682 21.65 
pope Piel 20 ' Room 49S N2 —— 6.05 21,62 
5h 6/4/45 Fl. 6 Fresh Room 183% 03 —- 96 26.52 
55 " Fl. 6 " Room 98 No — 6.61) ee 
56 i" Fl. 6 " Room 140 None — -—— 12.85 26.86 
Lys ae 

5% 6/5/45 Fl. 6 Fresh Room 513% 02 9.36 26.87 
56, 1" Fl. 6 " Room 140 None — -—— 12,76 26.6 
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TABLE (cont'd) 
a) The brewer's yeast used was washed with tap water three times, drained, 
suctioned off. TheBuchner cake was used for’ the fermentations, 
b) Fermentations No. 57 and 58 were set up without nutrients, 
Where the asterisk is seen in the table, the fermentation time 


was probably shorter. The fermentations were not observed throughout 
the night and therefore the time is not exactly checked, 


=. 
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(DEDICATED TO THE PUBLIC.) 


To all whom it may concern: 

Be it known that I, Jonn R. Eorr, Jr., 
a citizen of the United States, and an em- 
pores of the Bureau of Internal Revenue, 

nited States Treasury Department, a legal 
resident of the District of Columbia, resid- 
ing in the city of Washington, therein, 
(whose post-office address is is Shepherd 
street N.W.,) have invented a new and use- 
ful Process of Manufacturing Glycerol, and 
have made application, by petition of even 
date herewith, under the act of March 3rd, 
1883, chapter 142, (22 Stat., 625,) praying 
that Letters Patent may be granted to me 
therefor. 

The invention herein described and 
claimed may be used by the Government of 
the United States or by any of its officers 
and employees, in the prosecution of work 
for the United States, or by any person in 
the United States, without payment of any 
royalty thereon. 

My invention relates to the manufacture 
of glycerol by fermentation of any ferment- 
able sugar in the presence of alkali. 

It is well known that ordinary yeast fer- 
mentation is usually carried on in acid re- 
acting media, and that, in such media, a 
small amount of glycerol:is obtained as a 
by-product, but this amount is so small as 
not to be of value commercially. 

By my process I ferment solutions of fer- 
mentable sugars in such a way that up to 
20 or 23% of the fermentable sugar present 
is transposed into dag As a result of 
my investigations I confidently believe that 
these amounts can be largely increased. 
Among other products produced are acetic 
acid, alcohol and acetone. 

I have used in this process pure culture 
yeasts of both the Cerevisiae and Ellipsoi- 
deus species, but obtain the best results from 
the Ellipsoideus variety Steinberg, or the 
wine yeasts, known to the trade as Califor- 
nia wine yeasts. However, I do not wish to 
limit myself herein to either the specific 
yeasts, or sugars named, since I believe that 
any fermentable sugar, and any yeast ca- 

able of acclimation in an alkaline medium, 
will produce the same results, in kind, if 
not in amount. 

My process is as follows: _ 

The yeasts, of the varieties named, are 
first cultivated in sterile grape Juice, and, 


when in vigorous growth, this is added to a 
culture medium made by boiling malt 
sprouts in water, filtering and condensing 
it to a density of 4° Balling, to which is 
added 20% dextrose sugar, and yeast food 
consisting of any of the well known solu- 
tions of inorganic salts, such as Pasteur’s 
solution, or those used for similar purposes, 
and containing ammonium nitrate, potas- 
sium phosphate, ammonium phosphate, 
magnesium sulfate, and traces of zine and 
iron salts. 

When fermentation is in vigorous prog- 
ress, sodium or potassium carbonate, or any 
equivalent, non-antiseptic alkali, is added 
from time to time until the total amount 
added to 100 c. c. equals about that which 
would require 19 ¢c. c. normal hydrochloric 
acid for neutralization. 

When. the yeast in this culture medium is 
in vigorous action it is transferred to a 
larger quantity of the same medium in or- 
der to obtain a larger amount of “starter” 
for the final transfer to the material to be 
fermented. This second culture medium is 
also made alkaline in the same way and to 
the same degree as the first one, as above 
related. 

The main liquid to be fermented for the 
production of glycerol is made as follows: 

Malt sprouts are extracted in water grad- 
ually heated to 190° F. for one-half hour, 
then the resulting extract is cooled and fil- 
tered free from the residue, and brought to 
a density of between 1° to 4° Balling, and 
to this is added 18 to 20% dextrose in so- 
lution. The malt sprouts furnish albumi- 
noids and mineral salts to the wort, which 
serve as yeast nutrients. 

To this wort, cooled to a fermentation 
temperature, which I have found to ran 
between 27° and 50° C., although the opti- 
mum temperature is 37° C., I add a small 
amount of sodium carbonate, or equivalent 
alkali to render it slightly alkaline in fe- 
action, then from one to two per cent. of the 
“starter” described above, and allow fermen- 
tation to proceed, adding alkali from time 
to time, so that the final amount of alkali 
added to 100 c. c. is equivalent to about 95 c. c, 
normal hydrochloric acid, the temperature 
being maintained all the time as near as 
possible to 87° C. I have succeeded in con- 
ducting fermentation of such a solution, and 
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producing glycerol, when sodium carbonate 
has been added to the amount of 5% of the 
solution, and with other alkaline reacting 
substances in equivalent proportions, and it 
seems that the amount of glycerol produced 
is in some proportion to the amount of al- 
kali present in the wort, up to the limit at 
which the yeast is able to develop. It is not 
material as to the inorganic salt used to 
produce the alkalinity so long as it is not 
antiseptic in its nature, and sodium and 
potassium carbonates, phosphates and hy- 
droxids may be used, but I prefer to use 
sodium carbonate because it is compara- 
tively cheap and easily obtainable. I have 
succeeded in producing glycerol in fair 
amounts with calcium carbonate instead of 
the stronger alkalis named above. 

As another material to be fermented or 
used as a source of fermentable sugar, I 
may use molasses, and find that the ordi- 
nary molasses known under the trade name 
of “Black strap” gives good results, although 
any similar substance which contains fer- 
mentable sugar may be substituted; for in- 
stance, properly purified and neutralized 
waste sulfite liquor. By properly purified 
waste sulfite liquor I mean that it shall be 
free from sulfurous acid, or antiseptic sub- 
stances, and of the character of that used 
in well known processes for the manufacture 
of ethyl alcohol by fermentation. 

I have found, however, that the best re- 
sults are obtained, when using “Black strap” 
molasses, if the fermentation is allowed to 
begin in the molasses while it is slightly 
acid in reaction, in order that the invertase 
of the yeast may have opportunity to invert 
the sucrose present, and after the fermenta- 
tion has vigorously begun to add, gradually, 
alkali until the limits above indicated have 
been attained. 

The molasses should be diluted until it con- 
tains about 11% total sugar, at which dilu- 
tion 20% of the sugar is changed into glyc- 
erol by my process, but I am confident that 
further experience will enable me to largely 
increase this amount. j 

The glycerol can be obtained from the fer- 
mented wort by any of the well known proc- 
esses for removal of glycerol from liquids, 
but this is no part of my invention. 

It is understood that the statements of 
amounts and specific substances made in this 
specification are not limiting, but simply 
illustrative, and that not only these specific 
substances and amounts and proportions, 
but all equivalents and modifications within 
the limits of the claims are included within 
my invention and the protection of the pat- 
ent for whose issue I have petitioned. 
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I claim :— 

1. The process of producing glycerol, 
which consists in fermenting a solution, of 
fermentable sugar in an alkaline reacting 
medium. 

2. The process of producing glycerol 
which consists in fermenting a solution of 
fermentable sugar in an alkaline reacting 
medium whose degree of alkalinity is main- 
tained just short of that which will inhibit 
further fermentation by means of successive 
additions of an alkaline reacting substance. 

3. The process of producing glycerol by 
fermentatior which consists in adding a vig- 
orously fermenting grape juice to a solution 
of a fermentable sugar, and, after vigorous 
fermentation has been established in the re- 
sulting mixture, rendering the mixture alka- 
line by successive additions of increasing 
amounts of an alkaline reacting substance 
until the degree of alkalinity produced is 
just short of that which will inhibit further 
fermentation, and maintaining this degree 
of alkalinity by continuing the addition of 
small amounts of an alkaline reacting sub- 
stance. 

4, The process of producing glycerol by 
fermentation which consists in siti a vig- 
orously fermenting solution of a ferment- 
able sugar to a solution of molasses con- 
taining a fermentable sugar, and, after vig- 
orous fermentation has become established 
in the resulting mixture, rendering the mix- 
ture alkaline by successive additions of in- 
creasing amounts of an alkaline reacting 
substance, until the total degree of alkalinity 
is just short of that which will inhibit fur- 
ther fermentation, and maintaining that de- 
gree of alkalinity by continuing the addi- 
tion of small amounts of an alkaline react- 
ing substance. 

5. The process of producing glycerol 
which consists in cultivating yeast in a solu- 
tion of fermentable sugar until vigorous fer- 
mentation has been established, adding this 
vigorously fermenting mixture to a larger 
volume of fermentable sugar, permitting 
vigorous fermentation to become established 
in this larger amount, then gradually mak- 
ing this solution alkaline to the degree of 
alkalinity which is just short of that neces- 
sary to inhibit further fermentation, and 
maintaining this degree of alkalinity 
throughout the further course of the fer- 
mentation. 

In witness whereof I have herewith set 
my hand on this the 21st day of July 1917. 

JOHN R. EOFF, Jr. 

Witnesses : 

EK. D. BarcHerper, 
C. S. Konk«te. 
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To all whom it may concern: 
Be it known that we, WityHetm Conn- 


STEIN, chemist, a citizen of Prussia, and re-., 


ae at Fasanenstreet 27, Berlin, Germany, 
and Kart Lipecke, a citizen of Prussia and 
residing at Kaiser Allee 156, Wilmersdorf, 
near Berlin, Germany, have invented a new 
and useful Improvement in Processes for 
Manufacturing of Propantriol from Sugar; 
and we do hereby declare the following to be 
a full, clear, and exact description of the 
same. 

In a copending application Serial Number 
317,324 filed Aug. 13, 1919, a process for 
manufacturing propantriol from sugar by 
fermentation in the presence of alkaline re- 
acting salts has been described. The present 
process for manufacturing propantriol con- 
sists in adding nonalkaline reacting salts 
i. e. neutral or acid reacting salts to sugar 
and causing the mixture to be fermented 
above the formation of 3% propantriol from 
the used sugar and until the disappearance 
of the sugar. As sugar we may use all sorts 
of fermentable sugars: saccharose, dextrose, 
levulose, invert sugar, maltose, molasses, etc. 

As salts we may use all soluble salts hav- 
ing no poisonous action on yeast. 


Example I. 


1000 grams sugars, 900 grams crystallized 
ferrous-sulfate and the following nutritive 
salts: 8 grams ammonium sulfate, 7 grams 
sodium phosphate, 2 grams potassium sul- 
fate, 7 grams magnesium sulfate are dis- 
solved in 10 liters water and 100 grams yeast 
(commercial press yeast or cultrvated pure 
races) are added. One allows the mixture to 
stand at about 30-35° centigrade. After 5 
days the sugar has disappeared, which may 
be determined by the known reactions. 
About 125 grams propantriol, 7. e. 12.57% 
from the sugar, has been formed. 

For isolating the propantriol one may evap- 
orate the mixture to a degree that the fer- 
rous sulfate may crystallize. The uncrystal- 
lized portion of ferrous sulfate is precipl- 
tated with lime, one filtrates, acidulates the 
filtrate with a small surplus of sulfuric acid 
and evaporates until the formation of a light 
brown syrup which contains after filtration 
about 80% propantriol. One may also ex- 
tract the propantriol from the evaporated 
syrup by means of alcohol and may decolor- 


Specification of Letters Patent. 
Application filed August 13, 1919. 


Patented Feb. 8, 1921. 
Serial No. 317,325. 


ize the alcoholic extract by means of decol- 
orizing carbon. After evaporation of the al- 
cohol a yellow syrup is obtained containing 
about 90-95% propantriol. 

The crude propantriol obtained from the 
fermented liquor by any suitable method 
known for isolating propantriol may be re- 
fined by any known method, for instance by 
distillation with superheated steam and, if 
desired by concentrating the distillate. 


Example II. 


1500 grams sugar, 1200 grams crystallized 
aluminium sulfate and as nutritive salts: 10 
grams ammonium sulfate, 8 grams sodium 
phosphate, 4 grams potassium sulfate, 10 
grams magnesium sulfate are dissolved in 15 
liters water and mixed with 150 grams yeast. 
The further treatment may be carried out ac- 
cording to Example I. One obtains about 
200 grams propantriol. 


Example III. 


1000 grams sugar, 300 grams ammonium 
chlorid and as nutritive salts: 10 grams am- 
monium sulfate, 7 grams sodium phosphate, 
3 grams potassium sulfate and 8 grams mag- 
nesium sulfate are dissolved in 9 liters water 
and added with 100 grams yeast. After 4 
days having stood at 30—-35° centigrade the 
sugar has disappeared. The liquid contains 
about 75 grams propantriol. The further 
treatment may be carried out as in Exam- 


ple I. 
Example IV. 


1000 grams sugar, 400 grams calcium:chlo- 
rid free of water and as nutritive salts: 8 
grams ammonium sulfate, 5 grams sodium 
phosphate, 2 grams potassium sulfate are 
dissolved in 10 liters water. One adds 100 
grams yeast and allows to stand at 30-35° 
centigrade. After 6 days the sugar has dis- 
appeared and the solution contains about 85 
grams propantriol. One adds to the hot 
liquid sodium carbonate until further addi- 
tions do not cause a precipitate. Then one 
filters from the precipitated calcium carbon- 
ate, acidulates the filtrate with hydrochloric 
acid until a slight acid reaction and evapo- 
rates the liquid to syrupy consistency. The 
obtained magma containing sodium chlorid 
is extracted with absolute alcohol, the alco- 
holic liquid treated with decolorizing carbon 
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and the alcohol is evaporated. The remain- 
ing light brown syrup contains 80-85% pro- 
pantriol, which may be recovered by distil- 
lation with superheated steam under dimin- 
ished pressure. 

We claim: 

A process of obtaining propantriol, com- 
prising mixing sugar-containing solutions 
with water-soluble salts of non-alkaline reac- 
tion in larger amounts than sufficient to form 
nutrients for yeast, adding yeast, and then 


allowing the liquid to ferment until the 
sugar disappears. 

n testimony whereot, we have signed our 
names to this specification in the presence of 15 
two subscribing witnesses. 

WILHELM CONNSTEIN. 
Dr. KARL LUDECKE. 
Witnesses : 


JuLius FRANKE, 
Erna Wotrr. 
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(GRANTED UNDER THE PROVISIONS OF THE ACT OF MARCH 3, 1921, 41 STAT. L., 1313.) 


To all whom it may concern: 

Be it known that we, WirHetm Conn- 
STEIN, chemist, a citizen of Prussia, and re- 
siding at Fasanenstreet 27, Berlin, Germany. 
and Kart Lipeckr, chemist, a citizen of 
Prussia, and residing at Kaiser Allee 156, 
Wilmersdorf, near Berlin, Germany, have 
invented a new and useful Improvement in 
Processes for Manufacturing of Propantriol 
from Sugar (for which we have filed the 
following applications in foreign countries: 
Germany, 298,593, filed April 12, 1915; Ger- 
many, 298,595, filed April 22, 1916; Ger- 
many, 298,594, filed April 22, 1916; Ger- 
many, 298,596, filed May 19, 1916; all 
patents are not yet published. kept secret; 
Germany, Ser. Nr. V. 13,860, filed June 18, 
1917, are not yet granted: Hungary, Ser. Nr. 
2,682, filed July 22. 1916; Hungary, Ser. Nr. 
2,684, filed July 27, 1916; Hungary, Ser. 
2.685, filed July 27, 1916; Hungary, Ser. 
2,686, filed July 27. 1916; Hungary, Ser. 
10,407/18, filed July 13, 1918, all are not 
yet granted; Austria, Ser. Nr. A. 3,307/16, 
filed July 20, 1916; Austria, Ser. Nr. 61,497, 
filed July 5, 1918, all not yet, granted; all 
these patents and applications have been 
filed by the Vereinigte Chemische Werke 
Akt.-Ges. with affiants’ knowledge and con- 
sent) ; and we do hereby declare the follow- 
ing to be a full, clear, and exact description 
of the same. 

The present process refers to the manu- 
facture of propantriol from sugar by fer- 
mentation. The formation of propantriol 
from sugar by fermentation has been already 
known. The proportion of propantriol ob- 
tained according to the hitherto known proc- 
esses, is however very small, about 1-3% 
from the used sugar, for which reason the 
industrial or commercial manufacture of 
propantriol from sugar has been until now 
unpracticable. The object of the present 
invention is to improve the manufacture of 
propantriol from sugar by means of yeasts. 

The present process consists In causing 
sugar to ferment in alkaline solution, so that 
the formation of alcohol is restricted and 
the formation of propantriol is increased 


above the proportion obtained in the normal 50 


fermentation, i. e., above 3% of the sugar. 
If one causes, as hitherto usual, sugar or 
starch to ferment in neutral or acid solution 
only small amounts of propantriol are 
formed, whereas acids are formed which in- 
jure the isolation of the small amounts of 
propantriol obtained. The formation of 
acids are completely suppressed or essentially 
diminished by the fermentation in alkaline 
medium. 

The present process is carried out by the 
addition of alkaline reacting substances to 
the sugar solution to be fermented. Inor- 
ganic as well as organic substances of this 
kind may be used. It is suitable to use only 
substances which are not poisonous with ref- 
erence to yeast. 

Suitable alkaline reacting substances are 
for instance: ammonium phosphate, ammo- 
nium carbonate, sodium phosphate, sodium 


- carbonate, sodium bicarbonate, sodium sul- 


phite, sodium acetate, amine salts. One may 
use a single compound or a mixture of sevy- 
eral ones. The amounts of the alkaline 
compounds to be used may vary. 

One may add to the liquor to be fermented 
nutrients for the yeast. 

In order to accelerate the process and in- 
crease the formation of propantriol one may 
add catalysts, for instance manganese sul- 
phate, iron sulphate. magnesium sulphate 
and such like. 

Suitable sugars are for instance: grape- 
sugar, glucose, fructose, inverted saccharose, 
maltose; saccharified starch and such like. 

As yeast one may use the ordinary com- 
mercial yeast, especially pressed yeast, one 
may however also use cultivated pure yeast 
and also several] races of yeast, 

The isolation or separation of the propan- 
triol may be carried out by, if desired, de- 
colorizing the fermented liquor, concentrat- 
ing the liquor and subjecting the concen- 
trated mass to a distillation process or ex- 
tracting the propantriol by means of suit- 
able organic solvents or by any other known 
method, for instance by treating the original 
solution with inorganic salts like calc1um- 
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barium chloride, ferrous sulphate and so on. 
One may also separate the yeast from the 
fermented liquor by filtration, precipitate 
injuring by-products by means of lime, iron 
compounds or magnesia and concentrate the 
purified liquor, whereupon the further steps 
for isolating propantriol are carried out. 


Example I. 


200 grams sugar and 140 grams secondary 
sodium phosphate are dissolved in 2 litres 
water to which solution 50 grams commer- 
cial yeast, containing preferably lactic-acid 
bacterias, are added. The mixture is al- 
lowed to ferment at about 30-35° centigrade 
during about 40-80 hours according to the 
quantity and the character of the yeast em- 
ployed, until the sugar has practically dis- 
appeared. Then the mixture is boiled if 
desired with decolorizing carbon, filtrated, 
and concentrated to syrupy consistency. The 
propantriol may be extracted by means of al- 
cohol. After the vaporization of the alcohol 
one obtains a residue of propantriol, the 
amount of which is about 14% of the used 
sugar. 

ne may use as sugar technical saccharif- 
erous liquids, as for instance, syrups or 
molasses, which one may deprive, if neces- 
sary, before the fermentation, totally or part- 
ly, from ee substances in the known 
manner. One dissolves the alkaline com- 
pounds in these liquids. The addition of 
the alkaline compounds or the yeast may 
be carried out successively or all at once. 


Example IT. 


200 grams sugar and 10 grams ammonium 
carbonate are dissolved in 1.5 litres water 
and 20 grams yeast are added. The further 
treatment is according to Example I. One 
obtains about 10% propantriol of the used 


sugar. 
Example III. 


400 grams sugar, 80 grams sodium bicar- 
bonate, 60 grams yeast and 2 grams man- 
ganese sulphate with 3.5 litres water are 
caused to be fermented. The mixture is 
treated according to Example I. One ob- 
tains about 12% propantriol of the used 
sugar. 


: Example IV. 
500 grams sugar, 20 grams sodium car- 
bonate, 80 grams yeast and 4 litres water 


is caused to be fermented at 30° centigrade. 
One obtains after the treatment according 
to Example I 12% propantriol of the used 
sugar. 

Although all alkaline substances which 
are not poisonous to yeast may be used the 
alkaline sulphites have been found especial- 
ly suitable. When used in certain large pro- 
portions the alkaline sulphites produce an 
especially high yield of propantriol and re- 
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markable quantities of acetaldehyde. Ac- 
cording to our general experience the yield 
of propantriol seems to vary PRR o ia 
to the quantities of the employed alkaline 
sulphites, i. e., the more of the latter 1s taken 
the higher is the yield of propantriol. 


Example V. 


1 kilogram saccharose, 100 grams nor- 
mal sodium sulphite and 100 grams yeast 
are added to 5.6 litres water, the mixture 
is allowed to be fermented at from 30° to 
36° centigrade. The fermentation is con- 
tinued until the sugar has disappeared or 
has practically disappeared. The formed 
alcohol and aldehyde are distilled off, the 
remaining liquid is boiled with decolorizing 
carbon, filtered and cencentrated. The resi- 
due is extracted with alcohol. After the 
vaporization of alcoho] and aldehyde one 
obtains about 14.3% propantriol, whereas 
the amount of alcohol and aldehyde, dis- 
tilled off before the concentration is about 
39%. If one uses 120 grams sulphite in 
the present example one obtains about 16‘% 
propantriol and about 30% alcchol mixture, 
if one uses 250 grams sulphite one obtains 
about 23.5% propantriol and about 24% al- 
cohol mixture and so on. It is to be noticed 
that the fermentation depends besides to a 
certain extent upon the quality and race as 
well as from the power of activity of the 
yeast employed, i. e., all these circumstances 
may exercise an influence on the rapidity 
of the reaction and on the yield of the final 
products. 

In the place of sulphites one may use 
compounds which allow sulphites to form 
in the process, for instance a mixture of 
bisulphites and sodium carbonate. 


It has proved suitable to use besides the. 


sulphites in addition to them salts, which 
have a reducing action as for instance hy- 
drosulphites, hyposulphites, sulphoxylates, 
preferably in small portions from 0.25 to 
1% of the sugar. 

It has been found that it is not necessary 
for each fermentation with alkaline sub- 
stances to use fresh yeast, but that one may 
use yeast which has been already employed 
for the manufacture of propantriol in alka- 
line reaction, whereby it is preferable to 
Piidsats the yeast to a purifying fermenta- 
ion. 


Example VI. 


1 kilogram of saccharose, 12% sodium 
sulphite, 1% sodium hyposulphite, 6.6 litres 
water are mixed and 10% yeast are added. 
One obtains about 14.3% propantriol from 
the sugar. The yeast is separated from the 
rhe washed with water and digested with 
diluted acid, in which treatment yeast nutri- 
ents may added. The acid reaction is grad- 
ually neutralized in order to acclimatize the 
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yeast to the alkaline medium. Then one 
uses the yeast for fermenting fresh amounts 
of sugar with sulphites as alkaline com- 
pounds and if desired with addition of hy-- 
posulphites. One obtains about 15.8% pro- 
pantriol. After the yeast has been separated 
and subjected to a repeated purifying fer- 
mentation one obtains by a third use with 
sulphite and hyposulphite also about 16% 
propantriol and so on. 

The amount of propantriol formed by 
the present invention according to the vari- 
ous modifications described above is in- 
creased proportionally to the strength of the 
alkaline reaction or the amount of the alka- 
line reacting substances, provided that the 
quantity and character of the alkaline sub- 
stances used is not detrimental to the yeast, 
but the said increase goes only to a certain 
point varying according to the nature of 
the added substance. One may add without 
injuring the formation of propantriol fur- 
ther amounts of alkaline reacting substances 
by a simultaneous use of neutral salts of 
magnesium. The use of the said salts has 
been found especially effective for alkaline 
sulphites. Generally the formation of pro- 
pantriol proceeds slowly with an addition 
of more than about 70 per cent as much 
sulphites as sugar, whereas in the simul- 
taneous use of neutral salts of magnesium 
even higher amounts of sulphites may be 
added. Especially suitable is magnesium 
sulphate or magnesium chloride, but one 
may also use neutral magnesium salts of 
organic acids. Of course it is a condition 
that the salts are not poisonous with refer- 
ence to yeast. A special advantage of the 
use of neutral magnesium salts is an accel- 
eration of the fermentation. 


Example VII. 


1 kilogram sugar, 500 grams sodium sul- 
phite (without crystallization water) and 
250 grams magnesium sulphate are dissolved 
in 8 litres water and fermented with 100 
grams yeast. Output of alcohol mixture 
about 13% and of propantriol: about 33% 
of the used sugar. 


Example VIII. 


kilogram sugar, 1 kilogram magnesium 
Giandeund 750 p ams ros, a bicarbonate 
are dissolved in 7 litres water and mixed 
with 150 grams yeast. The mixture 1s al- 
lowed to stand at 30° centigrade. After 
about 2 days the fermentation will be fin- 
ished. Output: about 23% alcohol, about 
20% propantriol of the used sugar. 


Example IX. 


1 kilogram sugar, 1 kilogram magnesium 
acetate cid 1 kilogram sodium sulphite are 
dissolved in 8 litres water and mixed with 
150 grams yeast. The fermentation will 


be finished after about 3-5 days, whereas 
the fermentation until the total decompo- 
sition of sugar will last longer than 4-5 days 
above the indicated time, if no magnesium 
acetate will be present. The output is: 
about 16% alcohol mixture, about 35% pro- 
pantriol of the used sugar. 

A further modification of the process is 
that one adds to the fermentin mixture, 
preferably at the stage in which the fermen- 
tation has reached its culmination and a 
large portion of the sugar has been ferment- 
ed new portions of sugar, with or without 
further addition of salts or yeast or both 
added. By this modification it is possible 
to ferment higher amounts of sugar with 
a certain amount of yeast and salts (sul- 
phites, phosphates etc.) than without the 
modification, whereas the duration of the 
fermentation will be somewhat shortened. 

The additions of the alkaline and neu- 
tral salts may be the same as in the begin- 
ning of the fermentation, but one may also 
use different additions. 


Ezvample X. 


750 grams sugar, 300 grams sodium sul- 
phite, 5 grams magnesium sulphate, 6 grams 
ammonium sulphate, 2 grams potassium sul- 
phate are dissolved in 6 litres water, mixed 
with 75 grams fresh press yeast and allowed 
to stand at about 30° to 35° centigrade. 
After 24 hours, when the fermentation has 
reached its culmination a solution of 750 
grams sugar, 60 grams sodium sulphite, 1.5 
grams ferrous sulphate, 3 grams ammonium 
sulphate, 1 gram potassium sulphate, in 1 
litre water and 25 grams fresh press yeast 
are added. After the fermentation has fin- 
ished the propantriol is isolated as in the 
Example ar in another known manner. 

We claim: 

1. The process for manufactureing pro- 
pantriol which consists in adding alkaline 
sulphites (until alkaline reaction) and yeast 
to sugar and then allowing the mixture to 
be fermented. ‘ 

2. The process for manufacturing pro- 
pantriol which consists in adding alkaline 
sulphites (until alkaline reaction) and yeast 
to sugar causing the sugar to be fermented 
in presence of alkaline sulphites, separat- 
ing the yeast and adding the separated 
yeast Re alkaline reacting substances to 
sugar whereupon the process 1s repeated. 

3. The process for meee he 
pantriol which consists in an alkaline 
sulphites (until alkaline reaction neutral 
salts of magnesium in a higher amount than 
necessary as yeast nutrients, and yeast to 
sugar and causing the sugar to be fermented. 

4. The process for menufacturing pro- 
pantriol which consists in adding alkaline 


sulphites (until alkaline reaction) and yeast 


to sugar, causing a portion of the sugar 


70 


130 


. ~p ln 


« 1,511,754 


to be fermented, adding new portions of names to this specification in the presence of 
sugar and causing the sugar to be fermented. two subscribing witnesses. 


The process of producing glycerol, Dr. KARL LUDECKE. 
which consists in fermenting a solution of WILHELM CONNSTEIN. 
5 ae as sugar in an alkaline reacting | Witnesses: 
medium. 


; Juuros FRANKE, 
In testimony whereof, we have signed our Erna Wotrr. 
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8 Claims. 


The present invention relates to a process for 
the removal of certain undesirable constituents 
from polyhydric alcohols, and more particularly, 
to the removal of coloring bodies from glycerol. 

Recent developments, such as the advent of 
Cellophane, synthetic resins, etc., have greatly 
increased the consumption and dictated new and 
exacting specifications for polyhydric alcohols, 
especially glycerol, and as a consequence, con- 
siderable attention has been given to the problem 
of producing these products in a pure state from 
new sources. 

One promising solution to the problem is in 
the preparation of glycerol from petroleum hy- 


9 drocarbons. Not only is it possible to produce 


glycerol from this source at a reasonable cost, 
but with proper care a glycerol of higher purity 
may be made. In this process, the crude glycerol 
liquor containing water, salt and glycerol is boiled 
down to remove the water, whereby the bulk of 
the salt crystallizes out and is removed. The 
crude glycerol containing about 80% glycerol, 8% 
salt and 12% water may be distilled in vacuo to 
yield a glycerol of high purity. 

The use to which the glycerol is to be applied, 
however, dictates the requirements as to the 
purity. For example, glycerol used as a plasticiz- 
ing agent in Cellophane must meet very stringent 
specifications and is sometimes designated as very 
pure glycerol. In actuality, however, the glycerol 
used for this purpose is exceptionally free from 
ash-forming, coloring and odoring impurities but 
often contains a considerable amount of impuri- 
ties, such as trimethylene glycol, methyl glycerol, 
etc., which, for the purpose at hand, exert no or 
little detrimental effect. 

On the other hand, in the manufacture of cer- 
tain synthetic resins, while the requirements re- 
garding color and odor are quite lenient, the pres- 
ence of trimethylene glycol, methy) glycerol, etc., 
is to be avoided as far as possible. 

The glycerol obtainable through proper syn- 
thesis from petroleum hydrocarbons is excep- 
tionally free from these latter type impurities. 
This glycerol, however, in spite of its analytical 
purity, contains a trace of coloring matter, which, 
although far too small to be detected analytically, 
renders the material unfit for certain exacting 
uses. 

bject of the present invention is to provide 
a ened whereby these coloring bodies, whenever 
present, may be removed from polyhydric alco- 
hols. A further object of the invention is to ot 
vide a method whereby glycerol of eapaseteceggar 
limpidity may be produced. A further object o 
the invention is to provide a method which is 
economical, which is commercial, and which can 
be carried into practice on an industrial scale. 

These objects, I have found, may be Saas 
plished by a suitable extraction process. 


a 


(CL. 202—56) 


cording to the preferred embodiment of my in- 
vention, I extract the once fractionated glycerol 
with a suitable immiscible solvent at an elevated 
temperature. After mechanically separating the 
extract and raffinate phases, I subject the.raffi- 
nate to a second fractienation in vacuo and re- 
Se a good yield of substantially colorless glyc- 
erol. 

As is known, the crude glycerol, obtained by the 
concentration of the glycerol liquor, contains con- 
siderable coloring matter, varying in color from a 
straw yellow to almost black, depending upon the 
source of the glycerol liquor. This coloring mat- 
ter consists predominantly of non-volatile tarry 
materiai which may be completely removed by an 
efficient fractionation. 

1 have found, however, that there also exists a 
smailer proportion of color-forming bodies of an 
entirely different nature, and it is with the re- 
moval of these Ixtter bodies that the present in- 
vention is primarily concerned. Upon efficient 
fractionation of the g'ycero! tiquor, these color- 
forming bodies, unlike the beforementioned 
bodies, are found t» distili with the giycerol. Al- 
though these bodies 1nay be scncentrated to a 
certain extent inte the first and iast fractions of 
distillate, they cannot he even partly removed by 
fractionation methods withoit incurring great 
losses of glycerol. 

I have found that these volatile color-forming 
bodies are not extracted from the crude glycerec! 
to any appreciable extent by lipophilic solvents. 
They are, therefore, predominently hydrophilic 
in character. However, I have found that these 
bodies, upon being subjected ‘io a suitadle heat 
treatment, become lipophilic in character and 
hence extractable by any of the common lipo- 
phillic solvents. The prolonged heating necessi- 
tated by a distillation under diminished pressure 
suffices, in general, to effect the convereton. 
Therefore, in accordance with the present inven- 
tion, the color-forming bodies may be most con- 
veniently extracted from the distilled glycero!. 
Any other equivalent heat treatment may, how- 
ever, be used. 

Contrary to expectation, I have found that the 
extraction step is ineffective if applied at ordinary 
temperatures. Samples of distilled glycerol, 
upon prolonged extraction with various solvents 
at ordinary temperatures, were not appreciably 
improved. On the other hand, I have found the 
extraction to be quite rapid and efficient at ele- 
vated temperatures. In general, I*have found 
temperatures ranging from about 50° C. to about 
150° C. and preferably from about 80° C. to 
about 150° C. to be quite satisfactory and conven- 
ient. Temperatures below 50° C. are not pre- 
ferred, since at about this temperature the ex- 
traction efficiency falls off markedly. Temper- 
atures higher than 150° C. are believed to be 
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equally applicable, providing that the tempera- 

ture is not sufficiently high to cause decompo- 

sition of the glycerol or the solvent. 

The coloring bodies in the distilled glycerol, 
being of lipophilic character, may be extracted 
by any one of the numerous lipophilic solvents. 
A suitable solvent should, however, be stable at 
the temperatures employed, be immiscible in and 
inert to glycerol and must be easily and com- 
pletely removable from the glycerol raffinate. I 
have found the hydrocarbons, ethers, organic 
esters and such chlorinated solvents as substan- 
tially fulfill the above-mentioned requirements 
to be efficient extractants. In order to simplify 
the removal of the last traces of extractant from 
the glycerol raffinate, it is advantageous to em- 
ploy such solvents as have boiling po:nts suffi- 
ciently lower than that of the polyhydric alco- 
hol so as to permit convenient and complete 
separation by fractionation. For example, for 
the extraction of glycerol, solvents having nor- 
mal boiling points appreciably below 290° C. and 
preferably below 200° C. are best suited. Ex- 
amples of suitable solvents include di-isopropyl 
ether, hexane, glycol-dimethyl ether, heptane, 
iso-octane, n-octylene, diisobutylene, benzene, 
toluene, xylene, ethyl benzene, mesitylene, pseudo 
cumene, cumene, cymene, butyl acetate, cyclo- 
hexane and methyl cyclohexane. 

Of the classes of available solvents I have 
found the hydrocarbon solvents to be particu- 
larly suitable. These solvents have in general 
the following desirable characteristics: 

1. They are very efficient extractants. 

2. They possess very little solubility for glycerol. 
For example, xylene at 95° C. dissolves 0.04 
gm. glycerol per 100 cc. 

3. They are readily obtained in sufficient purity 
and do not require any pretreatment such 
as the removal of alcohol from the com- 
mercial esters. 

4. They do not form peroxides which may affect 
the quality of the glycerol as is the case 
especially with the lower boiling ethers. 

5. They are in general quite stable and show no 
tendency to hydrolyze or react with the 
polyhydric alcohol. 

6. They are relatively inexpensive and readily 
obtainable in commercial quantities. 

Further, in order to avoid the necessity of 
carrying out the extraction step under pressure, 
I prefer to use solvents of the above classes hav- 
ing normal boiling points appreciably higher 
than the temperature prevailing during the ex- 
traction. It is to be understood, however, that 
lower boiling solvents employed under suitable 
pressure are also applicable. 

Any traces of extractant remaining after the 
extraction of the coloring matter and separation 
of the phases may be removed by distillation, 
blowing with an inert gas, in vacuo, or any other 
of the conventional methods. Glycerol thus 
purified and freed from traces of extractant 
meets the usual specifications. 

I have found, however, that by subjecting the 
extracted glycerol to a second vacuum distilla- 
tion, a further improvement may be realized 
yielding a glycerol of exceptional limpidity. 

Thus, after extraction there invariably remains 
a@ trace of coloring matter. Upon distilling the 
extracted glycerol in vacuo, it is found that this 
coloring matter is concentrated into the first 
fraction to distil. By collecting the more colored 
first fraction separately, and returning it to the 
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next succeeding batch to be extracted, the main 
distillate is found to be practically color free, 
i. e., having a color of less than 10. (The color 
figures used throughout this specification refer 
to the conventional platinum-cobalt scale in 
which a color of 25 is designated as “water 
white’’.) 

While in the preferred embodiment of my in- 
vention I subject substantially anhydrous glyc- 
erol to the extraction step, it is to be understood 
that the presence of water has no harmful ef- 
fect on the process and is only avoided because 
of the high cost of its subsequent removal. 

The process may be carried out either con- 
tinuously, intermittently or batchwise. The sol- 
vent may be used in a single step, or in sub- 
divisions, or countercurrent operation may be 
employed. A temperature gradient may be main- 
tained, if desired. 

The following examples are submitted solely 
to illustrate suitable executions of my invention 
and the effectiveness thereof, and are not to be 
construed as limiting the scope of the invention 
to the extractant, temperature, mode of exe- 
cution, and the like. 


Example I 


A volume of. crude glycerol obtained through 
synthesis from petroleum hydrocarbons and con- 
taining about 80% glycerol was fractionally dis- 
tilled under (1-2) mm. Hg pressure, whereupon 
a distilled substantially pure anhydrous glycerol 
having a color greater than 50 was obtained. 
This glycerol was extracted at about 86° C. with 
a total of about 1.4 volumes of xylene. The 
glycerol raffinate was then subjected to a second 
fractional distillation under one mm. Hg pres- 
sure, and the first 10% to distil collected as a 
separate fraction. The color of the first 10% 
fraction was about 25, while the remaining 86.5% 
taken overhead had a color of 0-5. The glycerol 
was, moreover, very satisfactory as regards odor, 
taste, etc. 

Example II 


A volume of a very colored, distilled glycerol 
(color 250) was divided into two portions. Por- 
tion I was refractionated under diminished pres- 
sure. Portion IT was extracted at 130° C. with 
1.2 volumes of xylene in six equal portions and 
finally refractionated under diminished pressure. 
The colors of fractions of the distillates are given 
in Table I: 


Table I 
Portion I Portion II 
Percent of Percent of 
Fraction original Color tion original Color 
glycerol glycerol] 

lek 12.6 i ip eee 12.5 20 
y ee ee ee ae 12.7 150) 1 aoe 12.1 10 
bE De ones 12.6 U1) FI: ei lace i SI 10 
, ee Rs 12.6 SON eae o> 12.1 7 
De Seer eee 12.5 40) B55 0e2 12.1 7 
OF cee ee ee 12, § NDR] BC et ie Le. & 7 
TALS eee 12. 5 eg cee 12.4 7 
ee eee ere 9.3 00. | Biter: 4.0 7 
eee 6.1 25 


Example III 


A volume of distilled glycerol having a color 
of 50 was extracted at 85° C. with 0.8 volume of 
xylene in four portions and finally fractionally 
distilled under diminished pressure. The colors 
of the various fractions are given in Table 1. 
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Example IV 


A volume of a very colored distilled glycerol 

was extracted at 95° C. with 1.4 volumes of iso- 

5 éctane and finally fractionally distilled under 

diminished pressure. The colors and quantities 
of the various fractions are given in Table 0. 


Erample V 


A volume of alpha-methyl-glycero]l was ex- 

10 tracted at 95° C. with 1.4 volumes of xylene and 

fractionally distilled under diminished pressure. 

The colors and quantities of the various frac- 
tions are given in Table I. 


18 TawWe II 


Exampie III 


Example IV Example V 


Percent | Color | Percant | Color | Percent Color 


Se ee | ES a Ce (ne 
te 26. 7.2 15 eee 5.7 35 
ae 3.6 5 a7! 13 rg 25 
PR 28 2 129 10 &8 20 
Os 62. 5 0 12.6 5 5? 15 
aera 7.0 2 12.8 5 5.8 12 
os 7.1 2 12.7 5 57.8 5-10 

| 4 The Pa eee 6.6 i0 127 7 5.8 
Ae eel a 54 10 6.6 | Over 50 
ea 6.9 12 aunt! Waite 
CS, Oe 3.2 
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While in the foregoing examples I have used 

30 4 quantity of extractant equal to from 0.8 to 

1.4 times the volume of the polyhydric alcohol, 

it is to be understood that the invention is not 

limited to these quantities. The amount of ex- 

tractant preferably used depends upon the 

35 amount of the color-forming bodies present, 

the intimacy, method, and time of contact, 

etc., according to the well known laws of 
extraction, and may vary between wide limits. 

The solvent, after use, may be easily and com- 

40 pletely recovered for reuse. Upon subjecting the 
extract tc a simple distillation, the solvent is 
completely recovered as the distillate whiie the 
color-forming bodies, accompanied by a smal! 
amount of polyhydric alcohol, remain as the 

45 residue. With the exception of the small amount 
of polyhydric alcohol unevoidably polymerized 
during the fractionation, the polyhydric alcohol 
in the residue from the distillation of the extract 
represents the only losses incurred by the treat- 

60 ment. (The quantity of color-forming bodies re~ 
moved is too small to measure.) 

While F have found the present method paer- 
ticularly suitable for the removal of certain color- 
forming bodies from glycerol, and particularly 

88 from giycerol synthesized from petroleum hydro- 
carbons, and have stressed this preferred appli- 
cation in the foregoing, it is to be understood 
that the invention is ONC to np hor 

f er hydric alcohols, such as 8 

69 ate Bee crore, ethylene glycol, erythritol, 
arabitol, mannitol, sorbitol, etc., when contami- 
nated with color-forming bodies of the above- 

ed character. 
Bede eariolts modifications of my invention are 

68 possible without departing from the spirit there- 
of, it is to be understood that the invention 7 
not limited to the specific embodiments thereo 
except as defined in oe appended claims. 

as invention: 

70 Neatprocees fot the removal of coloring es 

ter from glycerol which comprises the steps 0 


extracting substantially anhydrous distilled glyc- 
erine with an iso-octane at a temperature of from 
80° C. to 150° C., separating the extract and 
raffinate phases, and fractionally distilling the 
raffinate phase whereby a decolorized glycerol is 
obtained. 

2. A process for the removal of coloring mat- 
ter from glycerol which comprises the steps of 
extracting substantially anhydrous distilled glyc- 
ero] with xylol at a temperature of from 80° 
C. to 150° C., separating the extract and raffinate 
phases, and fractionally distiJling the raffinate 
phase whereby a decolorized glycerol is obtained. 

3. A process for the removal of coloring mat- 
ter from glycerol which comprises the steps of 
extracting substantially anhydrous distilled glyc- 
ero] at a temperature of from 80° C. to 150° C. 
with a hydrocarbon which is immiscible with 
glycerol, separating the extract and raffinate 
phases, and fractionally distilling the raffinate 
phase, whereby a decolorized glycerol is obtained. 

4. A process for the removal of coloring matter 
from glycerol which comprises the steps of ex- 
tracting distilled glycerol at a temperature of 
from 80° C. to 150° C. with a hydrocarbon which 
is immiscible with glycerol, separating the ex- 
tract and raffinate phases, and fractionally dis- 
tilling the raffinate phase, whereby a decolorized 
glycerol] is obtained. 

5. A process for the removal of coloring mat- 
ter from glycerol which comprises the steps of 
extracting distilled glycerol at a temperature of 
from 80° C. to 150° C. with a Mpophilic solvent 
which ts immiscible with glycerol, separating the 
extract and raffinate phases, and fractionally 
distilling the raffinate phase, whereby a decoior- 
ized glycerol is obtained. 

6. A process for the removal of coloring mat- 
ter from glycerol which comprises the steps of 
subjecting the glycerol to & heat treatment equiv- 
alent to a distillation under diminished pressure, 
extracting the glycerol at a temperature above 
50° C., but below that at which excessive decom- 
position takes place, with a lipophilic solvent 
which is immiscible with glycerol, separating the 
extract and raffinate phases, and fractionally 
distilling the raffinate phase, whereby a decolor- 
ized glycerol is obtained. 

". A process for the removal of coloring mat- 
ter from glycerol which comprises the steps o1 
subjecting the glycerol to a hest treatment equiv- 
alent to a distillation under diminished pressure, 
extracting the glycerol at a temperature above 
50° C., but below that at which excessive decom-: 
position takes place, with a lipophilic solvent 
which is immiscible with glycerol, separating the 
extract and raffinate phases, and removing any 
trace of solvent from the decolorized glycerol. 

8. A process for the removal of coloring mat- 
ter from polyhydric alcohols which comprises 
the steps of subjecting the polyhydric alcohol 
to a heat treatment equivalent to a distillation 
under diminished pressure, extracting the poly- 
hydric alcohol at a temperature above 50° C., but 
below that at which excessive decomposition 
takes place, with a lipophilic solvent which is 
immiscible with glycerol, separating the extract 
and raffinate phases, and removing any trace of 
solvent from the decolorized polyhydric alcohol. 
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6 Claims. 


This invention relates to the production of 
glycerol by yeast fermentation of sugar solutions, 
with especial reference to molasses, particularly 
blackstrap molasses. 

It is well known that alkalinization of a yeast 
fermentation increases the small amount of glyc- 
erol formed in the normal type of fermentation. 
It is also well known that glycerol production is 
increased if sodium sulfite is added to a yeast 
fermentation to combine with the acetaldehyde 
formed as an intermediate. Attempts have been 
made to utilize these possibilities in a commercial 
way, but up to the present time the processes used 
have had only a limited degree of success. 

Practically all of the fermentation glycerol 
produced commercially has been from pure sugar 
solutions with nutrient salts added. The fer- 
mentation difficulties associated with blackstrap 
molasses added to the difficulty of recovery of 
the glycerol have prevented any extended use of 
molasses as a raw material. This has been the 
case in spite of its low cost as a source of sugar. 
Processes for the production of glycerol by fer- 
mentation have not only had to use pure sugar, 
but very large amounts of yeast have been used, 
so large that this becomes one of the most costly 
ingredients of the mash. 

Various procedures have been proposed utiliz- 
ing sulfite, soda ash or other alkalinizing agents, 
one or more, but with blackstrap molasses as a 
raw material, difficulty is met in operating them. 
The fermentation is, for instance, materially 
slowed down by alkali additions, thus introducing 
an infection hazard in plant operation. Over- 
doses of alkalinizing substances frequently stop 
the fermentation permanently, making it difficult 
or impossible to salvage the sugar, which involves 
considerable loss. 

The degree of sensitivity to doses of alkali 
varies from run to run. Therefore, even if the 
method of adding the alkali is kept the same, 
one cannot be sure the fermentation will give a 
constant result. Such uncertainty renders the 
ordinary alkaline fermentation procedure of lit- 
tle practical value since it may be so readily upset 
by slight irregularities necessarily associated with 
large-scale operation. 

We have found that the disadvantages noted 
may be overcome by taking account of the fact 
that they are all related to interference with the 
cell multiplication phase of the fermentation. 
Therefore, if one can conduct the fermentation 
so that all or the major portion of the yeast cells 
which will be required to effect the fermentation 
is pre-formed before the addition of the alkaliniz- 
ing agent or agents, the subsequent enzymatic 

hol and glycerol will 
conversion of sugar to alco 


ed at a rapid rate. 
Oris has been accomplished by the application 
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of the fermentation process described in our co- 
pending application Serial No. 151,177 to a sub- 
strate modified by the addition of,an agent havy- 
ing the property of increasing the glycerol-alco- 
hol ratio. The improvement includes the grow- 
ing of a yeast crop in an aerated low-sugar mash, 
preferably in a medium consisting of still residue 
from a previous ethyl alcohol fermentation con- 
taining about 1.5 grams of residual sugar per 100 
cc. This crop is obtained by seeding the slop or 
still residue with a small quantity of yeast, say 
0.1% to 2% by volume. The seeded mash is then 
aerated from 12 to 20 hours or as long as is neces- 
sary to produce maximum yeast growth. Nutri- 
ents such as phosphates, ammonia, ammonium 
salts, etc. may be added if desired to promote the 
yeast growth. When the crop has been devel- 
oped, sugar in the form of molasses or other fer- 
mentable material is added in sufficient quantity 
to increase the sugar concentration to between 
15-20 grams per 100 cc. Aeration is then dis- 
continued and the glycerol-alcohol phase of the 
operation begins. When the fermentation is 
gassing vigorously, which in this type of fermen- 
tation takes from 15 minutes to one hour after 
the sugar concentration has been adjusted, the 
alkalinization or sulfite treatment may be begun. 
We have found, for instance, that a quantity of 
a suitable alkali as high as 40% of the sugar in 
the mash may be added in a single dose. When 
such an amount is added to a yeast fermentation 
as usually carried out, it has to be divided into 
several doses and very painstaking control must 
be practiced in order to avoid complete stoppage 
of the fermentation. 

The following illustrations bring out the great- 
er tolerance of the improved process for large 
doses of alkaline salts such as sodium carbonate 
and sodium sulfite. 


Percent glyc- 

Type of seeding = at Ber Os | orol on sugar 
4%—standard.... ...--<--2-seesbs 40 (single dose) ---- 5.1 
Pre-grown yeast crop........---- 40 (single dose) --_. 17.3 
Percent glyc- 


Percent sodium 


Type of seeding sulfite sugar basis erol Rebs 
4 tandard....c.<cocagseeaeee 32.6 (single dose) - - 15.7 
owe yeast crop.......----- $2.6 (single dose) - . 2.3 


It is to be understood that neither one of the 
above examples is given as an illustration of the 
optimum conditions for glycerol production but 
simply as illustrations of the greater sensitivity 
of fermentations in which cell multiplication is 
required*to take place in the presence of high 
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sulfite and hydroxyl-ion concentration. We do 
not, for instance, recommend adding the alkaline 
salts in a single dose if the best results are to be 
obtained in the glycerol fermentation. Addition 
at intervals is to be preferred, but our improved 
process avoids the hazard of stopping the fermen- 
tation by an overdose of alkali. Best results are 
obtained by so regulating the addition of one or 
more alkalinizing agents in the second stage of 
the process, as by adding these agents in succes- 
sive portions, that the pH of the mash of the 
second stage of the process is kept below 9.0 
throughout this stage. Any suitable non-toxic al- 
kalinizing agent having the property of causing 
an increase in the production of glycerol may be 
employed, for example, sodium carbonate, potas- 
sium carbonate, sodium sulfite, potassium sulfite, 
ammonia, and the like. 

A special advantage lies in the use of still waste 
(or slop) from a previous ethyl alcohol fermen- 
tation as the medium for the yeast building stage, 
on account of the fact that this waste provides 
sugar for the reproductive phase of the yeast. A 
further advantage arises from the presence of 
salts in the spent waste. There is definite indi- 
cation in the literature and in practice that high 
concentrations of any non-toxic salts increase 
glycerol production. There is also an advantage 
in that the solids present in the slop materially 
increase the buffer capacity of the second stage 
of the fermentation. Thus, it is easier to main- 
tain the desired hydroxyl-ion concentration, with 
a consequent saving in materials used for alka- 
linization. In the highly buffered medium, large 
salt additions do not bring about a harmful de- 
gree of alkalinity. 

The benefit obtained by the use of a yeast crop 
grown in spent waste containing approximately 
1.5 grams per 100 cc. sugars is shown in the fol- 
lowing illustration. A yeast crop grown in a di- 
lute molasses mash containing approximately the 
same amount of sugar as the spent waste but 
lacking the buffer solids is used as a basis of 
comparison. The alkaline material used here was 
soda ash and the sugar concentration was built 
up in the manner described above after growing 
the yeast and before adding the alkali. 


Percent :.1- . 

; : ; kalines It | F sreent 
Growing medium for ye.st crop $ 1g: r b:sis, glycerol 
added in one | 08 Sus’ 

dose b:.sis 

Dilute molasses mash______- 10 8.5 
Spent wiste - DI 10 ¢ 
, 14.9 
Diliite mol:.sses mash __. *. ae = 20 ar 

Spent waste rae + zoSeees 20 
2 18.6 
Dilute molasses mash._.._......._.____. 30 oom 
Spent w: ste : “ 30 19.8 


It will be noted from the above that there is an 
increase in the yield of glycerol when yeast grown 
in spent waste is used. Furthermore, the in- 
creased buffer capacity of the spent waste is seen 
to be especially effective when the amount of al- 
kalinizing salt is increased to 30%. This amount 
resulted in over-alkalinization where the yeast 
crop was grown in dilute unbuffered molasses but 
not in the yeast grown in spent waste with its 
high content of buffering materials. 

We have found that all alkalinizing substances 
as well as sodium sulfite interfere with cell mul- 
tiplication when a critical concentration is 
reached, Our process, involving as it does the 
growing of a sufficient number of yeast cells to 
complete the enzymatic conversion of the carbo- 
hydrate in the final fermentation, may obviously 
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be used with advantage regardless of the alka- 
linizing agent employed. 

While the advantages of the invention are most 
pronounced when slop from an ethyl alcohol fer- 
mentation is used to form practically all or at 
least a large part of the mash for the yeast crop 
growing stage of the process, and molasses, either 
diluted or undiluted to bring up the sugar con- 
centration for the second stage of the process, 
other materials may be used. Thus, if the aerated 
first stage mash is dilute molasses or other dilute 
sugar solution, the advantage will remain that 
all or most. of the yeast crop will be grown in a 
favorable medium and under favorable conditions, 
whereas if the yeast multiplication and the fer- 
mentation were carried out in one step in a rela- 


tively high sugar medium the operation would 


be less economic. The use of blackstrap for rais- 
ing the sugar content of the mash preparatory 
to the true fermentation stage is desirable because 
of the low cost of the molasses, but other sugar- 
containing’ materials may be employed for the 
purpose. 

An example of practical procedure under the 
process is as follows: 

541 galloris of still residue from an ethyl] fer- 
mentation was cooled to 90° F. and put in a clean 
fermentation tank and 2 lbs. of ammonium sulfate 
was added. This mash was seeded with 1 gallon 
of active yeast and aerated for 16 hours. At this 
time examination under the microscope showed 
a large number of actively budding yeast cells, 
and molasses was added to the tank so as to 
bring the volume up to 661 gallons, with a sugar 
concentration of 15.9 grams per 100 cc. 150 lbs. 
soda ash was added in six 25-lb. doses over a pe- 
riod of 36 hours, and the fermentation was allowed 
to go to completion. It was analyzed at 63 hours 
and gave 124 lbs. of glycerol and 289 lbs. of 
alcohol. 

We claim: 

1. A process for the production of glycerol and 
ethanol hy yeast fermentation, which comprises 
seeding a mash of low sugar content with yeast, 
aerating this mash until substantially all the 
yeast crop for the glycerol-ethanol fermentation 
is grown, then greatly increasing the sugar con- 
tent of the mash, stopping the aeration, and car- 
rying the glycerol-ethanol fermentation to com- 
pletion in the presence of an agent having the 
Property of causing an increase in the glycerol- 
ethanol ratio, which agent is introduced into the 
mash after substantially all the yeast crop hes 
been grown. 

2. A process for the production of glycerol and 
ethanol by yeast fermentation, which comprises 
Seeding a mash of low sugar content with yeast, 
aerating this mash until substantially all the 
yeast crop for the glycerol-ethanol fermentation 
is grown, then greatly increasing the sugar con- 
tent of the mash, stopping the aeration, and not 
until after substantially all the yeast crop has 
been grown and vigorous fermentation has set 
in, adding an agent having the property of caus- 
ing an increase in the ratio of glycerol to ethanol 
produced by the fermentation. 

3. A process for the production of glycerol and 
ethanol by yeast fermentation, as set forth in 
claim 1, wherein the mash of low sugar content 
in which the yeast crop is grown consists largely 
of still residue. 

4. A process for the production of glycerol and 
ethanol by yeast fermentation, as set forth in 
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crop, the sugar content of the mash is increased 
by the addition of molasses. 

5. A process for the production of glycerol and 
ethanol by yeast fermentation, as set forth in 
claim 1, wherein the growth of the yeast crop 
is carried out in a mash consisting largely of a 
molasses fermentation still residue, and after the 
growth of the yeast crop, molasses is added to 


ey 

the mash to provide sugar for conversic 

glycerol and ethanol. “sy 
6. A process for the production of g! 

ethanol, as set forth in claim 1, whe! 

content of the mash is increased to o 

of sugar per 100 cc. of mash. : 
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2 Claims. 


The formation of glycerin by fermentation of 
Sugars with yeast (top-fermentation culture- 
press yeast) is a process which has long been 
known. It is also known in the art that the out- 

6 put of glycerin can be considerably increased 
by the addition of certain steering substances to 
the fermenting materials, the fermentation proc- 
ess being in other words led in the direction of 
glycerin fermentation. Various salts such as 

10 phosphates, carbonates and su'lphites in various 
concentrations have been successfully used as the 
addition. It has at the same time been found 
that with increased addition of salt the yield in- 
creases; but against this the time of fermenta- 

16 tion in this case is considerably increased. 

Owing to the relatively small yield of glycerin 
and owing to the long time of fermentation, proc- 
esses for the production of glycerin by fermen- 
tation have hitherto had considerable drawbacks. 

20 In addition to the long time of fermentation and 
the poor actual yield of glycerin as compared 
with the theoretical yield, the further drawback 
which has proved of paramount importance as 
regards the economic practice of the glycerin 

25 fermenting process in question, has been en- 
countered that the yeast in general only per- 
mitted a single fermentation to be carried out 
and that repeated use without further measures 
was practically impossible. 

30 = It has now been found that the above difficul- 
ties can be overcome if the energy supply sys- 
tem of the yeast is widened by providing for 
energetic respirations in addition to the fermen- 
tation. 

35  ## The conditions are as follows: 

In normal alcoholic fermentation, the sugar is 
practically quantitatively split up into alcohol 
and carbon dioxide, the highest possible fermen- 
tation energy being thereby put at the disposal 

4 of the yeast. 

In “glycerin fermentation” the normal func- 
tioning of the yeast is hindered by the consider- 
able addition of salt, which leads to degeneration 
phenomena and lower fermentation yields. 

45 The disadvantages can be avoided if provision 
is made for energetic respiration of the yeast by 
the addition of air practically during the whole 
glycerin fermentation process; So much energy 
is thereby supplied to the yeast that the damage 

60 is compensated and the yeast remains continu- 
ously in a healthy condition. This results in an 
increased yield of glycerin, a more rapid fermen- 
tation and the possibility of a repeated use of the 
same pitching yeast. During the aeration, the 
oxidation can additionally be furthered by small 
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additions for example of manganese or iron salts, 
which in themselves are known as oxidation 
catalysts for accelerating fermentation processes 
and for increasing the yield. 

A feature which is of primary importance in 
the present process is that the aeration is carried 
out practically during the whole of the fermenta- 
tion, because only thereby is the energetic res- 
piration of the yeast which is aimed at and nec- 
essary, achieved. 

In the production of glycerin by fermentation 
in processes which work with quite small quan- 
tities of free sulphurous acid, in the past small 
quantities of air have been added quite at the 


end of the fermentation, air being blown in in 16 


a coarse fashion or the practically fully fer- 
mented liquid being poured out; the purpose of 
this treatment was to hinder conversion of resi- 
dues of sulphurous acid into hydrogen sulphide 
by the reductases of the yeast. 

The above described effects and technical ad- 
vantages are not achieved by this weak aeration 
right at the end of the fermentation, for the 
coarse and limited addition of air right at the 
end of the fermentation does not suffice to com- 
pensate the harm to the yeast and the resulting 
changed conditions of life occasioned by the ad- 
dition of steering substances in “glycerin fer- 
mentation” and to further respiration to the 
degree which is achieved by aeration during the 
whole period of fermentation and which is neces- 
sary to attain the desired effects. 

Fine aeration practically during the whole 
period of fermentation has been found particu- 
larly desirable, because particularly intensive en- 
couragement of respiration is thereby obtained; 
methods and apparatus for fine aeration of fer- 
menting liquids such as those of Stich, (see for 
example Patents Nos. 1,792,450 and 1,959,554), 
and so forth are in themselves so well known in 
the art that no further description is necessary 
here. The term “fine aeration” used in the 
claims is to be understood in this sense. 


Example I 


To a fermenting batch of 100 gms. of sugar, 
2 gms. of ammonium phosphate, 1 gm. of mag- 
nesium sulphate and 10 gms. of top fermentation 
yeast race M of the Institut fiir Garungsgewerbe, 
Berlin, in 1 liter of water, 50 gms. of sodium sul- 
phite are added in portions. Air is supplied by 
an aeration candle (porous ceramic body), the 
reaction mixture tested from hour to hour for 
sulphurous acid and the hydrogen ion concentra- 
tion held constant within certain limits. If the 
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reaction proceeds towards the neutral, correction 
must be effected by the addition of alkali. Con- 
siderable variations often occur in the individual 
hours. With this method after about 8 hours 
the sugar is used up and the glycerin can be re- 
covered from the fermented liquid in manner 
known per se. In the process according to the 
invention the yeast shows a fairly good increase 
and the separated yeast is in good physiological 
condition so that it can be used straight away 
for the next fermentation. 

The yield of glycerin amounts to 25-30% cal- 
culated on the sugar used. 

In a test fermentation carried out without ad- 
dition of air, the fermentation was finished after 
72 hours and the yeast was in such a bad physio- 
logical condition that direct further use for the 
next fermentation was impossible; the yield of 
glycerin amounted to 19%. 

Thus in the process according to the invention, 
along with an increased yield and the recovery 
of reusable yeast, the fermentation proceeds 
about nine times as fast as in the old process. 

Mould yeast and especially the genera Myco- 
derma, Pichia, Willia and Torula have been 
found particularly suitable for “glycerin fermen- 
tation.” 

Example II 


100 gms. of sugar (cane sugar or corresponding 
quantities of molasses or wood sugar) are dis- 
solved in 600 c. c. of water and 2 gms. of. am- 
monium phosphate and 1 gm. of magnesium sul- 
phate added. After addition of 10 gms. of mould 
yeast (Mycoderma No. 12 of the Institut fiir 
Garungsgewerbe, Berlin) provision is made for 
abundant air supply, air being allowed to enter 
at the bottom of the vessel in finely divided form. 
50 gms. of anhydrous sulphite dissolved in 400 


«@ ©: ©. of water are now added continuously over a 
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period of 20 hours. After 23 hours fermenta- 
tion at 34° C. the sugar is used up, whereupon the 
glycerin can be recovered in known manner. 
Yield, 30-34 gms. glycerin calculated on the 
sugar used. 

It is clear that the yield of glycerin is increased 
as compared with the use of top fermentation 
yeast race M according to Example 1. This yeast 
also is in good physiological condition so that its 
direct further use for the next fermentation is 
possible. 

The new process is advantageous for every 
glycerin fermentation process in which a weak- 
ening of the micro-organism in its life-functions 
occurs through the addition of steering sub- 
stances. 

What I claim is: 

1. In the process of producing glycerin by fer- 
mentation of sugar by means of a yeast selected 
from the genera consisting of top fermentation 
culture-press yeast, Mycoderma, Pichia, Willia, 
and Torula, in the presence of steering sub- 
stances which produce an increased yield of 
glycerin in the fermentation, the step which con- 
sists in effecting aeration practically during the 
whole period of fermentation in such a manner 
as to provide for energetic respiration of the 
yeast. 

2. In the process of producing glycerin by fer- 
mentation of sugar by means of a yeast selected 
from the genera consisting of top fermentation 
culture-press yeast, Mycoderma, Pichia, Willia, 
and Torula, in the presence of steering substances 
which produce an increased yield of glycerin in 
the fermentation, the step which consists in ef- 
fecting fine aeration practically during the whole 
period of fermentation in such a manner as to 
provide for energetic respiration of the yeast. 
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It is well established that sulfites, bisulfites, 
alkaline carbonates, molasses ash and other al- 
kaline materials, when added to a yeast ferment- 
ing sugar solution so as to produce an alkaline 
mash, increase the yield of glycerol above that 
obtained in the normal alcoholic fermentation. 

It is also generally conceded that it is desirable 
to employ relatively cheap sources of sugar, such 
as molasses, if fermentation glycerol is to compete 
with glycerol obtained by other processes. 

A disadvantage inherent in the majority of pre- 
viously described glycerol fermentation processes 
is the large amount of salts or alkalies required 
to obtain a commercially valuable glycerol yield. 
If, for example, a mash containing 100 tons of 
Sugar were fermented by the soda ash process of 
Eoff, or the sulfite process of Connstein and 
Liidecke, over 30 tons of salts would have to be 
added to the fermenter. If the molasses-ash 
process as described by Lawrie were used, over 50 
tons Of molasses ash would be required. The use 
of such large quantities adds so materially to the 
costs and difficulties of these processes as to render 
them impractical. 

In general, previously described glycerol fer- 
mentation processes have called for an alkaline 
reacting mash. The use of an alkaline mash 
greatly increases the infection hazard—an item 
of considerable importance in plant operation. 
If the usual practice is followed and highly al- 
kaline materials are added at intervals to the 
mash, yeast activity is stopped upon each addi- 
tion. Usually it takes from two to three hours 
after each addition for the yeast to recover. Dur- 
ing these periods there is an excellent oppor- 
tunity for contaminating organisms to develop. 
Furthermore, this sharp interference with the 
normal yeast activity makes the fermentation pre- 
carious and thus requires close control. It would, 
therefore, be a distinct advantage to utilize an 
acid medium for glycerol production and espe- 
cially advantageous if a continuous, uninter- 
rupted fermentation were to ensue. 

Glycerol production above about 3%-4% of the 
sugar fermented in an acid medium, except for a 
proposal involving a large quantity of neutral 
salts, has never been anticipated. Connstein and 
Lildecke in U. 8. Patent No. 1,511,754, page 1, 
lines 52-57, state: “If ome Causes, as hitherto 
usual, sugar or starch to ferment in neutral or 
acid solution only small amounts of propantriol 
are formed, whereas acids are formed which in- 
jure the isolation of the small amounts of pro- 
pantriol obtained.” In a similar vein, Lawrie 
in his monograph, “Glycerol and the glycols, 
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states on page 130, line 6: ‘““Normally—i. e., at pH 
6.8 to say pH 3.5, 91% to 94% of the sugar fer- 
mented undergoes the usual Gay-Lussac reaction, 
while glycerol is formed to an amount represent- 
ing 3% to 4.5% of the sugar.” 

It has now been found that glycerol is formed 
in greatly increased amounts by yeast in ferment- 
ing solutions if the pH is maintained between pH 
6.0 and pH 7.0, and preferably between pH 6.4 
and pH 7.0, in the presence of ammonium com- 
pounds in an amount considerably above that 
required for nutrition of the yeast. It becomes 
unnecessary to Maintain the pH on the alkaline 
side and furthermore a small concentration of 
ammonium ions suffices for the function of this 
agency in the desired increase in glycerol. 

As sources of ammonium ions or ammonium 
compounds in the mash, ammonia gas, aqua am- 
monia, and in general the ammonium salts that 
are non-toxic to yeast ‘ammonium chlorid, am- 
monium sulfate, ammonium phosphate, ammoni- 
um carbonate, for example) are suitable, and one 
or more of these agents may be employed. The 
quantity of such material should be limited; 
otherwise there is likelihood of diminished glyc- 
erol formation or even of failure of the fermen- 
tation. On the other hand, the amount of am- 
monia or its equivalent added to the mash is in 
excess of that which would be adequate solely for 
yeast-nutrition in a commercial fermentation. 
To keep the fermenting mash solution within the 
stated pH range any non-nitrogenous neutralizer, 
non-toxic to yeast, for example, lime, may be used. 
The additions of ammonia, gaseous Or aqueous, 
or ammonium salts, one or more, are to be within 
such amounts that the ammonia equivalent is be- 
tween 0.1% and 1.0%, and preferably between 
0.2% and 0.5%, by weight of the mash. If 30% 
aqua ammonia is used the optimum amount there- 
of is approximately 1.0% by volume of the mash, 
the NH: equivalent being 0.3%. Since the 
amounts of ammonia or its equivalent and lime 
or its equivalent are small, the disadvantage of 
loading the fermentation with large amounts of 
salts is overcome. 

In carrying out this fermentation it ts advan- 
tageous, though not absolutely essential, to em- 
ploy the two-stage glycerol operation described by 
F. M. Hildebrandt and N. M. Erb in U. S. Patent 
No. 2,169,245, dated August 15, 1939. 

In general outline, the preferred mode of car- 
rying out the instant invention is as follows: 

A yeast crop is grown by aeration in a dilut~ 
sugar mash, preferably a still residue from a 
previous ethanol or glycerol fermentation. After 


= 


a good yeast crop has developed (12-24 hours), 
molasses is added to raise the sugar content of 
the mash to 15-20 grams per 100 cc. Fermenta- 
tion sets in promptly, and then sufficient aqua 
ammonia is added to bring the pH of the mash 
to 6.5-6.8. As the fermentation continues, hy- 
drated lime is added when necessary to maintain 
the pH of the mash between 6.0 and 7.0. 

Although the ammonium salts may be used, it 
is preferable to use aqua ammonia. The aqua 
ammonia or its equivalent as used in this fer- 
mentation supplies ammonium ions or ammonium 
compounds for increased glycerol production. 
The small amount used has a stimulating action 
in the fermentation, and thus enables one to 
employ a higher sugar concentration than would 
otherwise be permissible. Since the fermented- 
out mash is already acid, it is necessary, before 
distilling off the ethanol, only to acidify it slight- 
ly to pH 6.0 if it has not reached this point. At 
pH 6.0 the ammonia is non-volatile during th: 
distillation and does not contaminate the al- 
cohol distillate. 

Any neutralizer other than lime that is non- 
toxic to yeast may be employed to keep the fer- 
menting mash at the desired pH, examples being 
dolomitic lime, soda ash, alkaline oxides and hy- 
droxides such as those of sodium and potassium, 
and alkaline carbonates such as the carbonates 
of potassium and sodium. Lime is preferred be- 
cause of its strength as a neutralizer, its cheap- 
ness and availability. When lime is used its solu- 
bility is increased by the ammonia or ammonium 
salts. 

The following examples illustrate the inven- 
tion: 

(#1) 550 gallons of still residue from a pre- 
vious ethanol fermentation were put into a clean 
fermenter, cooled to 90° F., and 2 lbs. of am- 
monium sulfate were added as a yeast nutrient. 
The mash was then inoculated with 2 gallons of 
active yeast culture and aerated for 17 hours. 
Microscopic examination at this time showed that 
a good yeast crop had developed. 166 gallons of 
molasses were then added over a period of two 
hours to give a sugar concentration of 20.25 
grams per 100 cc. Aeration was then discon- 
tinued and fermentation started immediately. 5 


gallons of 30% aqua ammonia were then added, . 


which changed the mash from pH 5.80 to 6.80. 
After 262 hours 5 lbs. of freshly slaked lime in 
three gallons of water were added, raising the pH 
from 6.49 to 6.70. At 3042 hours a second quan- 
tity of 5 lbs. of lime was added, changing the 
pH from 6.46 to 6.66. At 312 hours a third dose 
of 5 lbs. of lime was added which brought the 
pH from 6.50 to 6.70. The fermentation was then 
allowed to go to completion with no further ad- 
ditions, fermentation being complete at 70 hours 
at pH 6.07. Analysis showed 2.66 grams of 
glycero] and 6.99 grams of ethanol per 100 cc. 
The lime used amounted to 1.25% of the sugar 
contained in the molasses used. 

#2) A yeast crop was grown in 525 gallons of 
still residue by aeration as described in Example 
#1. After 18 hours aeration 179 gallons of mo- 
lasses were added over a period of 2’ hours to 
give a sugar concentration of 20.51 grams per 
100 cc. Aeration was discontinued and 7 gallons 
of 30% aqua ammonia were then added, raising 
the pH from 5.6 to 6.66. At 22, 24, 29 and 35 
hours separate doses each of 5 lbs. of freshly 
slaked lime in 3 gallons of water were added to 
Maintain the pH of the mash between 6.60 and 
6.90. Fermentation was then allowed to go to 
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completion with no further additions and was 
complete at 69 hours at pH 6.48. Analysis of 
the beer showed 3.38 grams of glycerol and 7.03 
grams of ethanol per 100 cc. The lime used 
amounted to 1.66% on the sugar basis. 

It is not necessary to perform this fermenta- 
tion in two stages, as the following example will 
show. However, if the two-stage process is not 
used, the mash should be pastuerized in order to 
get the best results. This adds to the cost of 
operation. 

(#3) A mash consisting of 350 gallons of still 
residue from a previous ethanol fermentation, 
175 gallons of molasses, and 202 gallons of wa- 
ter, was pastuerized, cooled and seeded with 
2 gallons of active yeast culture. This masn 
contained 20.00 grams of sugar per 100 cc. 
After 18 hours, fermentation was vigorous 
and 7 gallons of aqua ammonia were added, 
changing the pH from 5.70 to 6.75. At 26 and 37 
hours 5 lbs. of freshly slaked lime in 3 gallons 
of water were added, maintaining the pH of the 
mash between 6.51 and 6.90. The mash was 
then allowed to ferment out with no further 
additions and was complete at 89 hours at pH 
6.44. The beer contained 3.42 grams of glycerol 
and 5.96 grams of ethanol per 100 cc. The lime 
used amounted to .84% of the total sugar. 

To illustrate the use of an ammonium salt in 
place of ammonia and a non-nitrogenous neu- 
tralizer other than lime, the following is given: 

(#4) 800 cc. quantity of still residue from a pre- 
vious ethanol fermentation of molasses was inocu- 
lated with 5 cc. of an active yeast culture and 
aerated for 16 hours. At this time a large number 
of active yeast cells had developed, and 300 grams 
of blackstrap molasses was added, giving a sugar 
concentration of 17 grams per 100 cc. To this 
mash cf 1 liter volume there were added 5 grams 
of technical ammonium chlorid as a source of 
ammonium ions. Fermentation set in promptly 
and 10 grams of soda ash were added, chang.ng 
the pH of the mesh from 5.8 to 6.8. At 23 hours 
5 grams of soda ash were added and at 30 hours 
3 grams to Keep the pH between 6.5 and6.9 The 
mash was then allowed to ferment out with no 
further additions and was complete after 5 days 
at pH 6.35. Analysis showed 2.66 grams of glyc- 
erol and 5.38 grams of ethanol per 100 cc. of beer. 
The soda ash used amounted to 10.6% of the 
total sugar. 

While it is preferable to employ non-nitrog- 
enous neutralizers in maintaining the critical pH 
range, this is not absolutely essential, since fair 
glycerine yields can be obtained under the inven- 
tion by using a non-toxic alkaline ammonium 
compound, in sufficient quantities, both as a 
source of ammonium ions and as a neutralizer to 
substantially keep the pH within the values stated. 
This may be accomplished, for example, by the 
addition, or additions, of ammonium carbonate in 
total amount approximating 10% on the sugar 
basis, without the addition, also, of a non-nitrog- 
enous neutralizer. 

Since the still residue obtained after distilla- 
tion of the beer to remove the alcohol obtained in 
the herein described glycerol fermentation proc- 
ess is acid, and contains no toxic salts, it may be 
used to “slop back” in a second glycerol fermen- 
tation. When diluted with water the glycerol 
still residue may be used as & medium to grow the 
yeast required for a second glycerol fermentation. 
In this way part of the residual sugar from the 
first fermentation can be utilized, a saving in 
evaporating cOsts realized, and the glycerol car- 
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ried over from the first fermentation is added 
to that formed in the second fermentation. In 
this manner the glycerol content of the beer can 
be gradually increased to a higher level by “slop- 
ping back” of glyecrol-containing still residue. 
For example, 1500 cc. amount of still residue from 
a glycerol fermentation made by the process here 
described and containing 3.04 grams of glycerol 
per 100 cc. was diluted with water to 3000 cc., 
inoculated with 10 cc. of active yeast culture and 
aerated for 16 hours. Microscopic examination at 
this time showed the presence of a large number 
of yeast cells. Sufficient blackstrap molasses was 
then added to give a sugar concentration of 19 
grams per 100 cc. Fermentation set in promptly 
and 1% of the mash volume (38 cc.) of aqua am- 
monia was added, bringing the pH of the mash 
from 5.80 to 6.80. Small amounts of freshly slaked 
lime were then added at intervals to maintain the 
PH of the mash between 6.4 and 6.9. Analysis 
after 5 days showed 4.48 grams of glycerol and 
5.85 grams of ethanol per 100 cc. 

Whether the process is worked as a one-stage or 
a two-stage operation, the control of the pH of 
the mash is essential. 
the optimum range is pH 6.4—pH 7.0. 

From the foregoing it will be evident that this 
new process for glycerol fermentation has certain 
unique and desirable advantages. Thus, the fer- 
mentation is carried out in an acid mash, whereby 
the infection hazard is greatly reduced. The glyc- 
erol promoting agents—ammonia or ammonium 
salts and lime or the like—are required in low 
concentrations. Because of the small amounts of 
neutralizers required, the yeast cells are not sub- 
jected to drastic changes in pH, fermentation is 
not arrested upon each addition and a continuous 
uninterrupted fermentation ensues. The glycerol 
content of the beer can be increased to a higher 
level by slopping back of the non-toxic glycerol- 
bearing still residue. 

I claim: 

1. Sidbeas for carrying out uninterrupted yeast 
fermentation of sugar solutions, which is char- 
acterized by addition of material of the g:oup 
consisting of ammonia and ammonium salts non- 
toxic to yeast in amount sufficiently in excess of 

he yeast to promote 
the nutrient requirements of the y 
the formation of glycerol, and maintenance of the 
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PH of the fermentation solution between pH 
and pH 7 by addition of one or more non-toxic — 
neutralizers. a 

2. Process for carrying out uninterrupted — 
yeast fermentation of sugar solutions, which is 
characterized by addition of material of the group 


consisting of ammonia and ammonium salts non- _ 


toxic to yeast in amount sufficiently in excess of 
the nutrient requirements of the yeast to pro- 
mote the formation of glycerol, the amount added 
of such material being equivalent to 0.1%-1.0% — 
NH3, and maintenance of the pH of the fermen- 
tation solution between pH 6 and pH 7 by addi- 
tion of one or more non-nitrogenous non-toxic 
neutralizers. 

3. Process for carrying out uninterrupted yeast 
fermentation of sugar solutions, which is char- 
acterized by addition of material of the group 
consisting of ammonia and ammonium salts non- 
toxic to yeast in amount sufficiently in excess of 
the nutrient ‘requirements of the yeast to pro- 
mote the formation of glycerol, and maintenance 
of the pH of the fermentation solution between 
PH 6 and pH 7 by addition of lime. 

4. Process for carrying out uninterrupted yeast 
fermentation of sugar solutions, which is char- 
acterized by addition of aqua ammonia in such 
amount that the NH3 equivalent thereof is be- 
tween 0.1% and 1.0% by weight of the mash, to 
promote the formation of glycerol, and main- 
tenance of the pH of the fermentation solution 
between pH 6 and pH 7 by addition of lime. 

5. A glycerol fermentation process, which com- 
prises growing a yeast crop in a low sugar mash 
with aeration, greatly increasing the sugar con- 
centration of the mash and discontinuing aera- 
tion, adding material of the group consisting of 
ammonia and ammonium salts non-toxic to yeast 
in amount sufficiently in excess of the nutrient 
requirements of the yeast to promote the forma- 
tion of glycerol, and maintaining the pH of the 
fermentation solution between pH 6 and pH 7 
by addition of one or more non-toxic neutralizers. 

6. The process as characterized in claim 5 in 
which the low-sugar yeast growing mash com- 
prises still residue from a previous yeast fermen- 
tation. 

HOWARD M. HODGE. 
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7 Claims. 


This invention relates to a process for the pro- 
duction of glycerol. More specifically it embraces 
a process for the production of glycerol by means 
of the fermentation of sugars. 

Heretofore the principal source of glycerol has 
been from fats, chiefly from the unsaponifiable 
residue from soap-making. Although a number 
of fermentation processes for glycerol produc- 
tion have been discovered, none has been suffi- 
ciently economical to compete with soap residue 
glycerol except in time of war. 

When fermentable sugars are acted upon by 
yeasts, under normal acid conditions, the re- 
sultant is primarily ethanol and carbon dioxide, 
accompanied by the formation of small amounts 
of glycerol and acetic acid. It is necessary to 
change the equilibrium of the fermentation in 
order that substantial yields of glycerol be 
obtained. 

Two general methods have been advanced 
for glycerol production by fermentation proc- 
esses. The first of these is the “sulfite fixation” 
process, in which sufficient of a soluble sulfite 
is added to the fermentation to cause the fixa- 
tion of acetaldehyde and the consequent forma- 
tion of glycerol. Except as noted below, all of 
these fermentations were carried forward in an 
alkaline medium unfavorable to the growth of 
yeasts and the resulting glycerol was difficult to 
separate from the soluble sulfite or other salts 
remaining. Both of these difficulties were claimed 
to be obviated in a sulfite fixation process call- 
ing for the addition of sulfur dioxide as an 
acetaldehyde fixative, but concentrations of sul- 
fur dioxide sufficient for useful conversions to 
glycerol are toxic to yeasts. The second general 
method is the “alkaline fermentation” process, 1n 
which the fermentation is carried out in a me- 
dium made alkaline by the addition of alkali 
salts or bases. The same difficulty of sevarating 
the glycerol from the alkali compounds arises 
as in the sulfite fixation procedure. The alka- 
line environment is unfavorable to the develop- 
ment of yeasts and is favorable to the growth of 
certain kinds of bacteria. In addition, various 
contaminating by-products are often formed. 
The separation problem is not present in the 
process which alkalizes with ammonia, but the 
claimed yields are insufficient to be commercially 

ve. : 
are pie discovered a method of producing 
glycerol by the fermentation of Ac Sareea 
sugars in which these difficulties noted rad: 
have been obviated and from which satisfactory 
recoverable yields are obtainable. 
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It is an advantage of our process that the con- 
version of the sugar used into useful products, 
including glycerol, is practically complete and 
that the recovery of each of them in pure form 
is a very high proportion of that produced. The 
fermentation products consist of acetaldehyde 
and glycerol, which are produced in direct pro- 
portion to each other, and ethanol, which is pro- 
duced in inverse proportion to the first two. 

A further advantage of our process is that 
virtually complete recovery of additions to the 
fermentation is possible in a form in which they 
can be reused in the process. 

Broadly speaking, our new and improved proc- 
ess comprises the fermentation of fermentable 
sugars in an acid environment in the presence 
of slightly soluble sulfites. ; 

The raw material for our process is any fer- 
mentable sugar or mixture of such sugars, either 
in pure form or combined with other substances, 
as in molasses, syrup, etc. For proper action by 
the yeasts it is necessary that the sugar be in 
solution. Concentrations of sugar as high as 25 
g./100 ml. may be used, although more rapid fer- 
mentations will be obtained if the concentration 
does not exceed 20 g./100 ml. Weak concentra- 
tions unduly dilute the end products and make 
recovery difficult. 

To the sugar solution we add an excess of some 
slightly soluble sulfite. By “excess,” as used herein 
and in the appended claims, is meant sufficient 
so that a portion always remains undissolved. If 
insufficient sulfite is added in the first instance, 
more may be added at any time during the proc- 
ess. The purpose of the sulfite, as will hereinbe- 
low more fully appear, is to supply a source of 
bisulfite ion whereby the acetaldehyde formed 
will be fixed. We have found that if the solu- 
bility of the sulfite used is above about 2 parts in 
100 parts of cold water, the formation of bisul- 
fite ion will be so great as to be toxic to yeast if 
the pH of the solution is adjusted to a point fa- 
vorable to yeast growth. Therefore, as used in 
this specification and the appended claims, the 
term “slightly soluble sulfite’ means salts hay- 
ing a solubility of less than 2 parts in 100 parts 
of cold water (including so-called insoluble salts), 
having the sulfite for a negative radical, and 
having a positive radical which is substantially 
non-toxic to yeasts in the concentrations used. 

We prefer to use calcium sulfite or magnesium 
sulfite as a slightly soluble sulfite in our process 
since they are relatively cheap, easily obtainable, 
and positive ions are not only non-toxic but 


actually beneficial to the growth of yeasts. 
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In the above mixture we introduce sufficient 
yeast for rapid fermentation. Since the presence 
of sulfite initially retards the action of yeast, we 
prefer to use acclimatized yeast, although this is 
not necessary. In acclimatizing the yeast, we 
inoculate a medium containing fermentable 
sugars and suitable yeast nutrients with yeast 
and, when fermentation has become active, we 
introduce an excess of the chosen sulfite and 
incubate, accompanied, preferably, by stepwise 
decrements in the pH to the approximate pH at 
which the yeast will be used. After the comple- 
tion of the fermentation, the sulfite-yeast cake 
filtered out forms an inoculum of acclimatized 
yeast. 

The concentration of yeast or acclimatized in- 
oculum in the sulfite-sugar solution is not critical, 
since a variation in concentration simply varies 
the rate of fermentation. Inoculum recovered at 
the end of the process may be used indefinitely to 
inoculate new batches. 

Since yeasts respond best at about 30° C., we 
prefer this temperature for the fermentation, 
although it will proceed at any temperature at 
which the yeasts themselves are active. 
fermentation, the activity is increased by con- 
tinuous or intermittent stirring. 

As soon as the sugar-sulfite solution has been 
inoculated, we adjust the pH of the mixture by 


the addition of acid or acid forming substance : 


which is substantially non-toxic to yeast in the 
concentrations used. Such acid may be either 
organic or inorganic. In the interests of easy 
separation of the end products, it is desirable to 
use an acid which will not combine with the posi- 
tive ion of the sulfite used to form a compound 
soluble in an alkaline solution. As acidifiers, SO2 
and H>2SO:;: offer additional advantages in that 
they are cheap, easily removed from the end 
products, and introduce no new negative ion into 
the fermentation. 

It is desirable to regulate the pH of the fer- 
mentation within reasonably close limits to ob- 
tain the best results. One purpose of the addi- 
tion of the acid or acid forming substance, as has 
been pointed out, is to create a more favorable 
environment for yeast fermentation. However, 
the most important reason is to cause the forma- 
tion of bisulfite ion in the medium in order to fix 
the acetaldehyde as it is formed. This is neces- 
sary to the formation of glycerol. The bisulfite 
ion is, to some extent, toxic to yeast and it is 
desirable to regulate its concentration at the 
highest point consistent with rapid and complete 
fermentation. Since the bisulfite ion concentra- 
tion is a function of the pH, control of the latter 
is a simple and convenient method of regulating 
the former. 

The optimum pH is a function of the sulfite em- 
ployed and the degree of acclimatization of the 
yeasts employed, hence it is not possible to give 
an exact rule for its determination. One skilled 
in the art can very easily determine the optimum 
pH by making a test fermentation employing the 
same constituents as the main process, and vary- 
ing the pH until the optimum value is found. 
For example, we have found that a pH in the 
neighborhood of 4.7 is effective with calcium sul- 
fite, while the limiting pH for magnesium sulfite 
is about 5.0. The best results are obtained by the 
use of a pH regulator which automatically and 
continuously adjusts the pH of the medium by 
additions of the acidifier. 

The fermentation should proceed to comple- 
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tion, which ordinarily takes from 18 to 72 hours, 
depending on the variables pointed out above. 
When all of the sugar has been transformed, we 
remove the precipitate of yeast and excess sulfite 
by some suitable means, such as filtration or cen- 
trifugation. ‘The cake thus obtained is a suit- 
able inoculum for the fermentation of additional 
batches of sugar. If, however, it is not desired to 
reuse the yeast, this step may be omitted. 

The filtrate, or unfiltered mash, as the case 
may be, containing the fermentation products 
and soluble sulfites and bisulfites, is made alka- 
line by the addition of a slight excess of some 
alkaline compound. Preferably, although not 
necessarily, this is the base having the same posi- 
tive ion as the sulfite used, since this procedure 
simplifies the process, makes separation and puri- 
fication of the end products easier, and intro- 
duces no new ion into the mixture. When mag- 
nesium sulfite is used in the fermentation reac- 
tion, magnesium hydroxide may be used to render 
the solution alkaline. Similarly, when calcium 
sulfite is used in the fermentation, calcium hy- 
droxide may be used as the alkaline addition 
compound. 

Any suitable method for the isolation and puri- 
fication of the components of this alkaline mix- 
ture may be used. We prefer to remove the 
ethanol and acetaldehyde by distillation. This 
also breaks down the acetaldehyde-bisulfite com- 
plex and precipitates practically all of the bisul- 
fite as sulfite. Since most of the slightly soluble 
sulfites are less soluble in hot solution than in 
coid, it is advantageous to filter out the precipi- 
tated sulfite while the solution is still hot. This 
filtration will also remove the yeast in case it has 
not already been taken out. The remainder is a 
solution of glycerol containing small amounts of 
sulfite which vary with the solubility of the 
sulfite. 

From this solution the glycerol may easily be 
extracted by vacuum distillation, a Selective sol- 
vent, or other means. A more economical 
method, however, is to recycle this glycerol solu- 
tion by adding to it sugar, inoculum, sulfite, etc. 
for a repetition of the above described process. 
We have found that the same solution may be 
recycled in this way several times without ap- 
preciable decrease in the rate of fermentation, 
and with an appropriate increase in the glycerol 
concentration for each run. When a high con- 
centration is reached, the glycerol may be re- 
covered by means suggested above or some other 
suitable procedure. 

The following specific examples will illustrate 
the various steps of the process of our invention: 


Example 1 


A volume of 1500 ml. of medium was prepared 
which contained, per liter, 150 g. of dextrose, 
3.5 g. of Difco yeast extract, and, as yeast nutri- 
ents, 1.5 g. of ammonium chloride, 1.5 g. of 
K3H3(POs)2, 0.4 g. of MgSOs.7H2O and 0.1 g. of 
calcium chloride. This medium was inoculated 
with 195 ml. of a 60-hour culture of stock yeast 
in a similar medium, and incubated at 30° C. for 
12 hours. At that time fermentation was active 
and 420 g. of MgSO3.6H20 were added. The 
culture was returned to incubation and the pH 
maintained at 6.5 by a Cameron pH recorder- 
controller using 50% acetic acid. In 40 hours 
fermentation had returned almost to normal and 
in 96 hours was complete. The cake formed by 
filtering contained magnesium sulfite and thor- 
oughly acclimatized yeast. 
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Example 2 


A volume of 1500 ml. of a medium of the com- 
Position described in Example 1 was inoculated 
with acclimatized inoculum obtained as in Ex- 
ample 1. This was incubated at 30° C. and the 
pH regulated to 6.2 by a Cameron pH recorder- 
controller using acetic acid. In less than 72 
hours the fermentation was complete. Analysis 
showed a yield of 23.15% of glycerol on dextrose, 
or 45.5% of the amount glycerol theoretically 
obtainable from that amount of dextrose. 


Example 3 


A volume of 1550 ml. of a medium of the com- 
position described in Example 1 was inoculated 
with an acclimatized inoculum consisting of 
calcium sulfite and yeast. This was incubated 
at 30° C. and the pH regulated at 5.0 by a 
Cameron pH recorder-controller using sulfurous 
acid. In less than 72 hours the fermentation 
was complete. Analysis showed a yield of 21.5% 
on dextrose, or 42.2% of the amount of glycerol 
theoretically obtainable from that amount of 
dextrose. 

Example 4 


A 200 ml. portion of the resultant of Example 
1 was filtered and freed of acetaldehyde and 
ethanol by distillation. To this was added dex- 
trose to 15% of the solution. This was inocu- 
lated with acclimatized inoculum containing 
magnesium sulfite and yeast and incubated. 
The pH was not controlled but was about 6.3 
to 6.4 during the most active parts of the fer- 
mentation. The fermentation was complete in 
less than 3 days and analysis showed a concen- 
tration of glycerol of 5.05 g. per 100 ml. The 
glycerol content of the original liquor was 2.69 g. 

‘per 100 ml., giving an increase of 2.36 g. per 
100 ml. as a result of recycling, thus indicating 
that recycling may be profitably employed. 

We claim: 

1. In a process for the production of glycerol, 
the step of fermenting with yeast a fermentable 
sugar in an acid medium containing a sulfite 
having a solubility of less than 2 parts in 100 
parts of cold water, the sulfite being present in 
a quantity in excess of the quantity which dis- 
solves in the medium, 
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2. In a process for the production of glyce! me 
the step of fermenting with yeast a fermenta 

sugar in a medium containing a sulfite having 

solubility of less than 2 parts in 100 parts of cold 
water, the sulfite being present in a quantity in i 

excess of the quantity which dissolves in the ny 
medium, in which medium the pH is adjusted 
and maintained at less than 7.0 through the ad- __ 
dition of a substance selected from the group — 
consisting of sulfur dioxide and sulfurous acid. __ 
3. In a process for the production of a 
the step of fermenting with yeast a ferm 
sugar in an acid medium containing oa um 
sulfite in a quantity in excess of the quantity | 
which dissolves in the medium, * 
4. In a process for the production of glycerol, 
the step of fermenting with yeast a fermentable 
sugar in a medium containing calcium sulfits in 
a quantity in excess of the quantity which di 
solves in the medium, in which medium the p 
is adjusted and maintained at less than | 
through the addition of a substance selected 

from the group consisting of sulfur dioxide 

sulfurous acid. 


the step of fermenting with yeast a fermenta 
sugar in an acid medium containing me 
sulfite in a quantity in excess of the c 
which dissolves in the medium. : 
6. In a process for the production of glycerol, 
the step of fermenting with yeast a fermentable 
sugar in a medium containing magnesium sulfite 
in a quantity in excess of the quantity which dis- 
solves in the medium, in which medium the F 4 
is adjusted and maintained at less than 7.0 
through the addition of a substance selected fron 
the group consisting of sulfur dioxide and s 
furous acid. 
7. In a process for the production of gly 
the step of acclimatizing yeast by subjecting 
to a fermentation in an aqueous medium in 
presence of magnesium sulfite in a quantity is 
excess of the quantity which dissolves in 
medium. 
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The present invention relates to the manufac- 
ture of glycerin by the fermentation of carbohy- 
drate substances with the aid of yeast and in the 
presence of magnesium carbonate. 

It is the general object of the invention to pro- 
vide an improved fermentation process for the 
manufacture of glycerin with the aid of mag- 
nesium carbonate wherein the fermentation time 
is reduced, the yield of glycerin increased, and 
the yeast rendered recoverable in a form in which 
it is in condition for re-use in the same process. 

Briefly described, the present invention resides 
in the feature that the controlling action of the 
magnesium carbonate upon the course of the fer- 
mentation is effecteq and regulated by removing, 
in any suitable way and during the course of 
the fermentation, at least part of those reaction 
products which’ are more volatile than water, as 
explained hertinafter. 

In carrying out one form of our improved proc- 
ess, a neutral gas is bubbled through the fer- 
menting solution, whereby the solution is agi- 
tated and a more efficient abstraction of the vola- 
tile components, including carbon dioxide, is in- 
sured. As the action of the gas is primarily or 
entirely the mechanical one of carrying off vola- 
tile vapors, any fixed, neutral gas which will not 
interfere with the fermentation and is non- 
poisonous can be used. Thus, nitrogen, oxygen 
and air may be employed, the last-named being 
preferred for obvious reasons. The gas is then 
subjected to a treatment whereby the vapors are 
recovered for further use. The gas may be 
passed through one or more scrubbing towers or 
subjected to any other suitable treatment for 
the recovery of the abstracted vapors, which con- 
sist for the most part of alcohol and aldehyde; 
and if it is re-circulated through the fermenting 
mash, it is also scrubbed of its COz, both to limit 
the amount of magnesium carbonate that is dis- 
solved by conversion to bicarbonate and to pre- 
vent the pH of the mash from falling below 7, 
the pH value being kept between 7 and 8 to se- 
cure maximum yield of glycerin in a minimum 
Ses erodaction of glycerin by fermentation of 
carbohydrates with yeast in the presence of mas- 
nesium carbonate is itself known. The ernie: 
sium carbonate acts as a steering agent whic 
causes the fermentation to deviate from the ae 
mal course, in which alcohol is the main proc Aa ’ 
to a more complex reaction in which a om ms 

ble part of the carbohydrate is converte in 
Pyeerin We have found that by continuously 
removing to a considerable extent the more vola- 
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tile products, that is, the substances which are 
more volatile than water, during the course of 
fermentation as by passing a stream of gas 
through the fermenting mash in the presence 
of the magnesium carbonate, and by controlling 
the pH value of the mash, the fermentation 
proceeds much more rapidly and gives appre- 
ciably higher yields of glycerin. 

Preferably the pH during the fermentation is 
maintained, as already mentioned, at a value of 7 
to 8. The amount of magnesium carbonate nec- 
essary for this purpose is between 10 and 20 
parts for every 100 parts of the fermentable car- 
bohydrate which is present at the beginning of 
the fermentation. 

Where a gas is employed to expel the more 
volatile products, the stream of gas can be reg- 
ulated so that about 1 liter per minute is passed 
through 10 liters of the solution to be fermented. 
If air is used as the gas, the yeast grows some- 
what during the fermentation. In any case, 
whatever gas is used in the process the yeast is 
maintained in a healthy state so that it is ca- 
pable of being utilized again to ferment fresh 
amounts of carbohydrates according to the pres- 
ent method. 

The volatilized materials entrained with the 
stream of gas can be recovered by passing the 
gas through scrubbers in which the gas is washed 
with liquids which absorb the volatilized organic 
materials like alcohol and acetaldehyde. It is 
also possible to use adsorbent solid materials 
like adsorbent carbon, for the recovery of these 
products, 

The fermentation under these conditions, when 
done in batches, is completed in about 1 day at 
the temperatures usual for such fermentations, 
namely, between 30-34° C. Preferably, in addi- 
tion to the stream of gas, mechanical stirring is 
used in order to assure favorable contact between 
the insoluble magnesium carbonate, the yeast, 
and the solution. 

After the fermentation is completed, the insol- 
uble magnesium carbonate and the yeast are eas- 
ily recovered by filtration. The filter cake con- 
taining the magnesium carbonate and the yeast 
can be utilized directly to ferment new amounts 
of carbohydrates; a quantity of carbonate being 
added to make up for losses. Some magnesium 
ts found in the solution and can be precipitated 
from it in the form of an insoluble magnesium 
compound, for instance, as carbonate or sulfite. 
In this way, none of the originally introduced 
magnesium carbonate is lost and at the same 
time, the solution is freed from dissolved mag- 
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nesium ions. The carbohydrate for this purpose 
can be provided from any of the commercial 
sources, either sucrose or hydrolyzed starch ob- 
tained, for instance, from farm products in known 
manner. 

Example 1 


A regular solution is prepared by hydrolyzing 
wheat according to one of the customary meth- 
ods. The solution then contains 17% of total 
reducing sugar. 10 liters of the solution corre- 
sponding to 1700 grams of reducing sugars and 
170 grams of a pressed yeast containing ap- 
proximately 72% water, are placed in a ferment- 
ing vat equipped with stirrer, gas disptrser, and 
gas outlets, in a constant temperature room of 
approximately 32° C. Air is passed into this 
mixture at a rate of approximately 1 liter per 
minute. The gas outlet is connected withe one 
or more scrubbing towers in which first water 
and then sodium sulfite is used for washing out 
alcohol and aldehyde from the gas. The pH 
during the fermentation is 7 to 7.2, maintained 
by the addition of 170 grams of MgCOs. 

After 26 hours substantially all of the ferment- 
able sugar (1300 grams) has been used up. Fil- 
tration yields a filter cake in which approximate- 
ly 400 grams of yeast on the basis of about 72% 
water in the yeast are present. Approximately 
10% of the fermentable sugars has heen utilized 
for the production of the additional amount of 
yeast. The filtrate, after concentrating, gives a 
distillate containing about 310 grams of pure 
glycerin which amounts to approximately 26% 
of the sugar used for the fermentation. 


Example 2 


In & procedure corresponding to that of Ex- 
ample 1, nitrogen was used as the gas with the 
following results: While the growth of yeast was 
somewhat less, the yie'd in glycerin corresponded 
to 18 grams per 100 grams of sugar subjected to 
fermentation. After subjecting the nitrogen to 
scrubbing in order to remove the vapors (or after 
passing it through a cold condenser to condense 
the vapors) it is either bubbled through a solu- 
tion of calcium hydroxide or passed through a 
scrubbing tower where it meets a spray of calci- 
um hydroxide solution, to remove carbon dioxide 
and is then re-circulated through the fermenting 
mash. 

Tne more volatile reaction products of the 
fermentation may be removed from the ferment- 
ing mash in other ways than by being entrained 
in a current of gas. For example, the fermenting 


mash may be circulated through a tower into ” 


which it is sprayed, whereby the lower alcohols, 
aldehydes,- etc. are vaporized and after being 
withdrawn from the tower, the vapors may be 
delivered to a condenser; instead of being passed 
through a sprayer, the fermenting mash may be 
passed in thin streams or films over extended flat 
surfaces, which will encourage vaporization and 
expulsion of volatile reaction products, including 
carbon dioxide. The escape of the vapors can be 
aided by vacuum. which may at least in part be 
produced by tne condensation of the vapors in 
the condenser which is connected with the va- 
porizing chamber. 
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We claim: ‘ 

1. In a process for the manufacture of glycerin 
by fermentation of carbohydrates with yeast in 
the presence of magnesium carbonate, the steps 
which comprise expelling at least part of the more 
volatile products of the fermentation as they are 
formed and approximately at the fermentation 
temperature, and thereafter recovering glycerin 
from the fermentation liquor. 

2. In a process for the manufacture of glycerin 
by fermentation of carbohydrates with yeast in 
the presence of magnesium carbonate, the steps 
which comprise passing a stream of a gas through 
the fermenting mash to carry off at least part of 
the more volatile products of the fermentation 
during the course of fermentation, and there- 
after recovering the insoluble matter and the 
glycerin from the fermentation liquor. 

3. Process according to claim 1, wherein about 
10 to 20 parts of magnesium carbonate are used 
for each 100 parts of initial fermentable carbo- 
hydrate material. 

4. Process according to claim 1, wherein the 
more volatile products are expelled by subjecting 
the mash, during the fermentation, to conditions 
favorable to evaporation. 

5. Process according to claim 2, wherein the 
gas is air. 

6. Process according to claim 2, wherein the 
gas is nitrogen. 

7. Process for the manufacture of glycerin by 
fermentation of carbohydrate material in the 
presence of magnesium carbonate, which com- 
prises passing a stream of a gas through the fer- 
menting mash during the fermentation to expel 
volatile substances, and removing the abstracted 
vapors from such gas. 

8. Process according to claim 7, wherein the 
vapor-free gas is re-circulated through the fer- 
menting mash, after removal of carbon dioxide 
from such gas. 

9. Process for the manufacture of glycerin 
which comprises subjecting a hydrolyzed wheat 
solution to the action of yeast in the presence of 
magnesium carbonate, bubbling air through the 
fermenting mash during the course of fermenta- 
tion, scrubbing the vapor-laden gas first with 
water and then with water containing a soluble 
sulfite, removing insoluble matter from the fer- 
mentation liouor and recovering the glycerin from 
the liquid. 

10. In a process for the manufacture of glyc- 
erin by fermentation of carbohydrates with yeast 
in the presence of magnesium carbonate, the steps 
which comprise expelling at least part of the 
more volatile products of the fermentation as 
they are formed while maintaining the magnesi- 
um carbonate during the fermentation in excess 
of the quantity required for neutralization of the 
liquor, and thereafter recovering glycerin from 
the fermentation liquor. 

11. Process according to claim 10, wherein the 
expulsion of the more volatile components is ef- 
fected by mechanically agitating the fermenting 
mash and bubbling a neutral gas therethrough. 
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This invention relates to the production of 
glycerol and more particularly to a process for 
producing glycerol by the fermentation of sugars 
in an acid medium. 

It has been known that when fermentable 
Sugars are acted upon by yeasts, under normal 
acid conditions, the product includes primarily 
ethanol and carbon dioxide together with small 
amounts of glycerol and acetic acid. The quan- 
tity of glycero] produced in such a reaction is 
extremely small and such a process is, of course, 
entirely unsuitable for the commercial pro- 
duction of glycerol. 

Two general methods, however, have been sug- 
gested for the production of glycerol by means 
of the fermentation of sugars. The first method 
is known as the “sulfite fixation” process. In 
this process a soluble sulfite is added to the fer- 
mentation mixture in sufficient quantity to pro- 
duce fixation of acetaldehyde which is formed 
in the fermentation and thus to shift the equi- 
librium of the reaction to increase the quantity 
of glycerol which is formed. The other general 
method is known as the “alkaline fermentation” 
process wherein the fermentation is carried out 
in a medium made alkaline by the addition of 
alkaline salts or bases. Both of these processes 
are carried out in an alkaline medium which is 
unfavorable to the growth and action of yeasts 
and accordingly the yields have not been satis- 
factory. 

Moreover, in both methods it is extremely diffi- 
cult to separate the glycerol which is produced 
from the large quantities of soluble salts remain- 
ing in the medium after the reaction. 

It has also been suggested that glycerol may 
be obtained in a sulfite fixation process wherein 
sulphur dioxide is added to the medium in order 
to fix the acetaldehyde. However, in this latter 
process the quantities of sulfur dioxide used to 
obtain satisfactory glycerol formation have been 
found to be toxic to the yeast. 

We have found glycerol may be produced by 
the fermentation of fermentable sugars in a proc- 
ess in which the difficulties of the prior art have 
been eliminated and from which satisfactory com- 
mercial yields of the glycerol may be obtained. 
Our methods involve the fixation of the acetalde- 
hyde formed in the fermentation reaction and the 
consequent shifting of the equilibrium of the re- 
action to form an increased quantity of glycerol. 
In our method. reagents are used which can be 
readily removed after the completion of the fer- 
mentation, either by filtration or by volatilization, 
leaving only reiutively small quantities of salts re- 
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maining mixed with the glycerol which can then 
be separated without difficulty. Methods involv- 
ing the fermentation of fermentable sugars with 
yeast in acid medium containing slightly soluble 
sulfites are set forth and claimed in our co-pend- 
ing U. S. patent application, Serial No. 399,416, 
filed June 23, 1941, for Glycerol production, now 
Patent No. 2,388,840, issued November 13, 1945. 

The present invention contemplates the fer- 
mentation of fermentable sugars with yeast in 
an acid environment in the presence of ammoni- 
um sulfite and ammonium bisulfite or either of 
these compounds. In the process of this inven- 
tion, the conversion of the sugar into useful 
products, including glycerol, is practically com- 
plete, and the recovery df each of the products 
in relatively pure form is readily possible. 

In accordance with the vresent invention a 
fermentable sugar such as dextrose is mixed 
with a fermenting organism, such as yeast. yeast 
nutrients as required and ammonium sulfite and 
ammonium bisulfite or either of these com- 
pounds. Any microorganism normally producing 
an alcoholic fermentation, the equilibrium of 
which may be altered to produce glycerol through 
fixation of acetaldehyde, may be used for the 
fermentation. For example, certain molds such 
as some species of genera Fusarium and Mucor 
can be used. Nevertheless, since the molds are 
much slower acting than the yeast and are more 
difficult to handle, yeast is to be preferred. The 
ingredients are mixed in a slightly acid aqueous 
medium under controlled conditions of tempera- 
ture and acidity. As the fermentation proceeds, 
acetaldehyde and glycero] are produced’in direct 
proportion to each other and ethanol is produced 
in quantities which are in inverse proportion to 
the auantities of acetaldehyde and glycerol. 

The fermentation reaction is permitted to pro- 
ceed in the presence of an excess of the ammoni- 
um sulfite or ammonium bisulfite until substan- 
tially all of the sugar has been fermented, at 
which time, the yeast may be removed from the 
medium and the products of the reaction may be 
separated. 

In separating the products of the reaction, tne 
mixture may be treated with a base such as Cal- 
cium hydroxide to render the mixture alkaline. 
The mixture may then be subjected to distillation 
to remove therefrom ammonia. acetaldehyde and 
ethanol. The base will precipitate the sulfite 
from the mixture and the precipitate may be 
separated by filtration or centrifugation. If de- 
sired, any calclum remaining in the solution may 
then he precipitated by the addition of carbon 
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dioxide. Preferably the carbon dioxide is added 
to a hot solution so as to avoid the formation of 
soluble calcium bicarbonate. Of course, the ad- 
dition of the correct chemica] equivalent of car- 
bon dioxide will precipitate the calcium as the 
carbonate rather than as the bicarbonate even 
in cold solution. 

When the mixture has been subjected to distil- 
lation and chemical treatment to remove the sul- 
fite therein, the remaining mixture may be dis- 
tilled to obtain the glycerol in relatively pure 
form or, if desired, the mixture may be recycled 
and used as the medium in a new reaction. 

The raw material for our process is a fer- 
mentable sugar or mixture of such sugars, either 
in pure form or combined with other substances, 
as molasses, syrup, etc. For proper action by the 
yeasts it is necessary that the sugar be in solu- 
tion. Concentrations of sugar as high as 25 g./100 
ml]. may be used, although more rapid fermenta- 
tions will be obtained if the concentration does 
not exceed 20 g./100 ml. Weak concentrations 
undulv dilute the end products and make recov- 
ery difficult. 

To the aqueous sugar solution is added an ex- 
cess of ammonium sulfite, ammonium bisulfite, 
or a mixture of ammonium sulfite and ammonium 
bisulfite or ammonia and sulfur dioxide which 
combine in the solution to produce ammonium 
sulfite or ammonium bisulfite. Any desired pro- 
portion or mixture of these ingredients may be 
used. By an excess as the term is used herein is 
meant a sufficient quantity of the materials so 
that during the fermentation reaction, free am- 
monium sulfite or ammonium bisulfite will re- 
main uncombined with the acetaldehyde. It is 
not necessary to add the entire quantity of sulfite 
or bisulfite at the beginning of the reaction. In 
fact, the sulfite and bisulfite are preferably added 
periodically as the process proceeds. 

The excess of ammonium sulfite or ammonium 
bisulfite, of course, should not be sufficiently great 
to inhibit fermentation by reason of the toxic 
effects of the bisulfite ion on the yeast. 

The sugar-sulfite mixture is inoculated with 
yeast. The quantity of yeast inoculum will vary 
with the conditions of the reaction and with the 
effect which the sulfite exerts upon the yeast. 
Since yeast is normally affected by the sulfite and 
its activity retarded, it is preferable to use in the 
fermentation reaction an acclimatized yeast. 

By an acclimatized yeast is meant a yeast 
which is produced by inoculating a medium con- 
taining sugars and suitable yeast nutrients with 
yeast and, after fermentation has become active, 
an excess of ammonium sulfite is introduced into 
the mixture, being added in small quantities at 
periodical intervals for a period of several] hours. 
In preparing the acclimatized yeast, the quanti- 
ties of ammonium sulfite which are added at any 
one time should not be sufficient to markedly in- 
hibit the fermentation. After the completion of 
the fermentation the yeast culture so formed is 
found to be resistant to the inhibiting action of 
the sulfite and may be used to inoculate a large 
batch of the fermentation medium in which the 
sugar fermentation for glycerol production is to 
be carried out. 

The concentration of yeast or acclimatized in- 
oculum in the sulfite-sugar solution may be 
varied within very broad limits since a variation 
of the concentration of the yeast will ordinarily 
only vary the rate of fermentation. The yeast or 
inoculum which is recovered at the end of the 
process may be used indefinitely to inoculate new 
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batches of medium. Preferably, the fermenta- 
tion is carried out at a temperature of approxi- 
mately 30° C. since yeasts normally respond best 
at this temperature. However, the fermentation 
may be carried out at any temperature at which 
the yeasts are found to be active. During the 
fermentation reaction, the activity of the yeasts 
may be increased by continuous or intermittent 
stirring. ‘ 

The acidity of the medium should be very care- 
fully regulated in the fermentation reaction since 
the activity of the yeast and the control of the 
equilibrium of the reaction by means of which 
the glycerol is produced in substantial quantities 
are largely dependent upon the acidity of the 
medium. 

The equilibrium of the reaction is affected by 
the fixation of the acetaldehyde. This fixation 
of the acetaldehyde is, in turn, dependent upon 
the concentration of the bisulfite ion in the me- 
dium, since the acetaldehyde forms with the bi- 
sulfite ion a complex radical or ion which shifts 
the equilibrium toward the increased formation 
of the glycerol and acetaldehyde. In a solution 
containing sulfite ion and bisulfite ion the con- 
centration of the bisulfite ion is a function of the 
acidity or pH of the solution in accordance with 
the well established principles of mass action 
equilibrium. Accordingly, as the pH of the s0- 
lution is lowered and the acidity of the solution is 
increased, the bisulfite ion concentration is in- 
creased while, on the other hand, a raising of 
the pH and a lowering of the acidity produces 
a decrease in the bisulfite concentration. 

The bisulfite ion concentration in the medium 
should be sufficiently great to provide for the fix- 
ation of the acetaldehyde formed and thus pro- 
duce a shifting of the equilibrium of the fermen- 
tation reaction. At the same time, if bisulfite ion 
is present in substantial quantities it exerts a 
toxic effect upon the yeast and its concentra- 
tion, therefore, should not exceed a concentra- 
tion at which the yeast is substantially unaffect- 
ed, in a toxic manner, by the bisulfite icn. 

The control of the acidity of the solution is 
important for additional reasons. It has been 
found that free ammonia is, to a certain extent, 
toxic to yeast and the maintaining of the medium 
in an acid condition is, therefore, desirable to 
avoid the formation and presence of free ammo- 
nia. An acid medium is also favorable to the 
growth of and fermentation by the yeast and 
is, therefore, to be additionally desired. 

The solution should be maintained slightly 
acid at all times and is preferably maintained in 
the pH range between 6.0 and 7.0. The optimum 
PH is a function of the degree of acclimatization 
of the yeasts employed and hence it is not pos- 
sible to give an exact rule for its determination. 

One skilled in the art can very easily deter- 
mine the optimum pH by making test fermenta- 
tions employing the same constituents as the 
main process and varying the pH until the opti- 
mum value is found. For example, we have 
found that yeast grows satisfactorily at a pH 
range of between 6.5 and 6.9 in the presence of 
ammonium sulfite. As the fermentation reac- 
tion proceeds the pH of the medium will nor- 
mally be found to vary somewhat. It is, there- 
fore, desirable to use a pH regulator, for exam- 
ple, a Cameron pH recorder-controller of the 
conventional type to measure and adjust the pH 
of the medium continuously as the fermentation 
reaction proceeds. In regulating the pH of the 
solution or medium sulfur dioxide or sulfurous 
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acid are preferably used to lower the pH of the 
solution by increasing the sulfite ion concentra- 
tion therein. When the pH of the solution is to 
be raised, ammonia or ammonium hydroxide is 
preferably used to increase the alkalinity of the 
solution. When these substances are used to in- 
crease or decrease the acidity of the solution, no 
new ions are introduced into the solution and no 
additional problems in the separation of the end 
products of the reaction are created. 

The ammonium sulfite is preferably added at 
periodical intervals since the initial presence of 
large quantities of ammonium sulfite tends to 
raise the pH of the medium and since the yeasts 
develop more rapidly if the medium does not con- 
tain excessive amounts of salts. As the fermen- 
tation proceeds and the acetaldehyde bisulfite 
complex is formed, the concentration of the free 
bisulfite ion in the medium decreases while the 
pH rises. The periodical addition of the sulfite 
salt tends to counteract this effect. Neverthe- 
less, the pH should be carefully controlled and 
adjusted so as to maintain the same substantial- 
ly constant throughout the fermentation reac- 
tion. 

The fermentation reaction will ordinarily pro- 
ceed to completion in between 18 and 72 hours, 
depending upon the conditions of the reaction. 
When substantially all of the sugar has been fer- 
mented, the precipitate of yeast may, if desired, 
be removed by any suitable method such as cen- 
trifugation or filtration. This yeast may be re- 
used for inoculum for the fermentation of addi- 
tional batches of sugar. 

The fermentation mixture containing the 
yeast or from which the yeast has been removed, 
may be made alkaline by the addition of a slight 
excess of some alkaline substance, such as a hy- 
droxide, oxide or carbonate of a metal of the al- 
kaline earth group. Such a substance will re- 
act with the sulfite and precipitate them as in- 
soluble compounds. Preferably, although not 
necessarily. the base may be calcium hydroxide. 

Any suitable method for the isolation and puri- 
fication of the components of alkaline mixture 
may be used. Preferably, the mixture is distilled 
to remove therefrom ammonia, ethanol and acet- 
aldehyde, The distillation Jestroys the acetalde- 
hyde-bisulfite complex and precipitates substan- 
tially all of the bisulfite as calcium sulfite. Since 
most of the slightly soluble sulfites are less solu- 
ble in hot solution than in cold. it is advanta- 
geous to filter out the sulfite precipitate while the 
solution is still hot. This filtration will also re- 
move the yeast from the medium if it has not 
already been separated. The ammonia from the 
distillation may be recovered by any suitable or 
conventional method. The excess of the base 
such as calcium hydroxide is removed from the 
solution by introducing into the hot solution, car- 
bon dioxide which will form an insoluble car- 
bonate. The carbonate precipitate may then be 
removed from the solution by filtration. The 
remaining filtrate is a solution of glycerol con- 
taining very small amounts of soluble salts. 

The filtrate containing the glycerol may be sub- 
jected to vacuum distillation or to treatment ip 
a selective solvent or to other suitable serps ‘" 
separating the glycerol therefrom. If + aa 
the glycerol solution may be recycled an bse 
as the medium in a succeeding Laalenig as 
sugar, inoculum, ammonium sulfite, etc. : phe? Z 
added to the glycerol solution for this te hi 
The same solution may be recycled in oF aia 
ner for several times with an appreciable de 
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in the rate of fermentation and with an appro- 
priate increase in the glycerol concentration of 
the solution after each operation. 

A specific example of a process embodying the 
invention is as follows: A medium is prepared 
containing, per liter, 150 g. of sugar (as dextrose), 
ammonium sulfite and/or ammonium bisulfite 
equivalent to about 60 g. of sulfur dioxide, and 
any necessary yeast nutrients. The yeast nutri- 
ents may suitably be supplied by addition of corn 
steep liquor and inorganic salts. If a raw mate- 
rial such as molasses, which contains some yeast 
nutrients, is used as a source of sugar, the addi- 
tional nutrient requirement, if any, may be deter- 
mined by experimentation. If pure sugars are 
used we have found that adequate yeast nutrients 
are supplied by the addition, per liter, of 2.0 to 
4.5 g. of heavy corn steep liquor, 1.5 g. NH«Cl, 
0.75 g. KeHPOs.3H20, 0.75 g. KH2PO«, 0.2 g. 
MgS0O..7H20 and 0.1 g. CaCle. The sulfite may 
be added as a solid salt or may suitably be pre- 
pared as required by the addition of requisite 
amounts of ammonia (or ammonium hydroxide) 
and sulphur dioxide (or sulphurous acid). The 
PH of the medium is adjusted to about 6.5 by ad- 
dition of ammonium (or ammonium hydroxide) or 
sulphur dioxide (or sulphurous acid) as required 
and inoculated with an active yeast culture. 

The yeast culture employed may consist of 
yeast cells filtered or centrifuged from a previ- 
ous fermentation, or may be prepared as needed 
in the following manner: A culture of pure yeast 
is inoculated into a sterile medium containing 150 
g. of sugar per liter and necessary yeast nutri- 
ents. After the fermentation has become active, 
portions of ammonium sulfite (as the solid or in 
concentrated solution) are added at intervals. © 
The length of the intervals between the sulfite 
additions depends upon the activity of the fer- 
mentation. The amount of sulfite added at any 
one time and the intervals between the additions 
must be regulated so that active proliferation of 
the yeast and active fermentation is never inter- 
rupted. We have found that the addition of 5 g. 
portions of ammonium sulfite per liter at inter- 
vals of about 6 hours is generally satisfactory. 
At the end of 48 to 72 hours the accjimatized 
culture may be used to inoculate a batch of me- 
dium, prepared as stated above, for the main 
glycerol fermentation. A proportion of inocu- 
lum of one-tenth the volume of medium is suit- 
able, although a greater or less proportion may 
be satisfactorily employed. 

After inoculation the pH is maintained at the 
desired acid pH which may be at approximately 
6.8 (most suitably by means of a PH recorder- 
controller such as the Cameron instrument, or 
other) using sulfur dioxide (or sulfurous acid). 
During the course of the fermentation the prog- 
ress is followed by periodic sugar analyses and 
the fermentation is judged to be complete when 
no further reduction in sugar content is found. 
Upon completion of the fermentation, if it is de- 
sired to employ the yeast for inoculating a new 
batch of medium, this is separated by centrifuga- 
tion or filtration. If ee is not to be so 

his step may be omitted. 
pr ne fermented liquid calcium hydroxide in 
excess of the amount required to make the mix- 
ture distinctly alkaline is added, either as solid 
or as a slurry with water, and the mixture is agi- 
tated. The volatile materials are then removed 
by distillation, and the ammonia, acetaldehyde 
and ethanol are separated. The solids remaining 
after the distillation (calcium sulfite and excess 
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calcium hydroxide) are removed by filtration or 
centrifugation. Calcium in solution is precipi- 
tated by adding carbon dioxide to the hot solu- 
tion, and the resulting calcium carbonate re- 
moved by filtration or centrifugation. The glyc- 
erol remaining in the solution may then be re- 
covered by suitable means, such as evaporation 
of the water followed by vacuum distillation or 
solvent extraction of the glycerol. Or, if it is de- 
sired, this solution may be recycled by the addi- 
tion of more sugar, yeast nutrients, sulfite and 
yeast inoculum and the fermentation repeated. 
Such recycling may be practiced one or more 
times to build up the concentration of glycerol 
before its recovery, thus rendering the step of re- 
covery more economical. 

The control of the acidity of the medium dur- 
ing the fermentation reaction is extremely criti- 
cal. By maintaining a relatively high pH in the 
acid medium or, in other words, by maintaining 
the medium in a slightly acid condition, the pres- 
ence of excess quantities of bisulfite ions is 
avoided and the yeast is, therefore, not sub- 
jected to the toxic action of large quantities of 
bisulfite ion. At the same time, the maintaining 
of the pH below 7.0 eliminates any free ammonia 
which otherwise might be present in the medium 
and which is toxic to the yeast at least to a lim- 
ited extent. The acid medium is also much 
more favorable to yeast growth and fermentation 
than is an alkaline medium. 

The control of the pH of the medium is, there- 
fore, important in the carrying out of the fer- 
mentation reaction. 

The maintaining of the medium in an acid 
condition is also important in the shifting of the 
equilibrium of the fermentation reaction to ob- 
tain relatively large quantities of glycerol. In 
the absence of such a medium, bisulfite ion may 
not be formed in sufficient concentration to pro- 
vide for the fixation of the acetaldehyde. 

The bisulfite ion concentration in the medium 
is a critical factor in the fermentation reaction. 
At all times during the course of the fermenta- 
tion reaction, bisulfite ion should be present in 
sufficient concentration to fix all of the acetalde- 
hyde that is formed. On the other hand, the con- 
centration of the bisulfite should be low enough 
to avoid any substantial inhibiting of the fer- 
mentation reaction by reason of the toxic effect 
of the bisulfite ion on the yeast or other ferment- 
ing organism. The maximum allowable concen- 
tration of bisulfite ion will, of course, vary with 
the degree of acclimatization of the fermenting 
organism and with the particular organism used. 

Thr bisulfite ion concentration in the medium 
is affected by numerous factors. The concentra- 
tion is increased with decreases in the pH of the 
medium and with increases in the sulfite ion con- 
centration. The concentration of bisulfite ion 
also varies with the concentration of the acetalde- 
hyde-bisulfite complex in the medium, as well as 
with the changes of temperature in the medium. 

Accordingly, the conditions of the fermenta- 
tion should be so controlled as to control the bi- 
sulfite ion concentration in the medium. 

The fermentation may be carried out in a 
slightly acid medium in the presence of bisulfite 
ion in a quantity sufficient to fix the acetalde- 
hyde and insufficient to have a toxic effect upon 
the fermenting organism. The medium is pref- 
erably maintained at a pH of between 6.0 and 7.0 
and is adjusted to maintain the pH of the medium 


substantially constant as the fermentation pro- 
ceeds. 
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The fermentation reaction may be carried out 
in the presence of bisulfite ion in a medium where- 
in the acidity is carefully controlled. Although 
the bisulfite ion may be obtained from various 
sources, it is preferably provided by adding am- 
monium sulfite or ammonium bisulfite to the 
medium. 

Although the process of the invention has been 
described in relation to particular conditions and 
ingredients, it will be understood that these have 
been given for the purpose of illustration. 
Changes and variations in the process, therefore, 
and particularly in the quantities and propor- 
tions of the ingredients and in the conditions of 
the reactions may readily be made without de- 
parting from the spirit and scope of the inven- 
tion. 

We claim: 

1. In a process for the production of glycerol 
the step of fermenting a fermentable sugar in @ 
slightly acid medium containing a substance 
selected from the group consisting of ammonium 
sulfite and ammonium bisulfite, said substance 
being present in a quantity sufficient to fix the 
acetaldehyde formed in the fermentation and 
insufficient to substantially inhibit the fermen- 
tation reaction. 

2. In a process for the production of glycerol 
the step of fermenting a fermentable sugar in @ 
slightly acid medium having a pH of between 6.0 
and 7.0 and containing a substance selected from 
the group consisting of ammonium sulfite and 
ammonium bisulfite, said substance being present 
in a quantity sufficient to fix the acetaldehyde 
formed in the fermentation and insufficient to 
substantially inhibit the fermentation reaction. 

3. In a process for the production of glycerol 
the step of fermenting a fermentable sugar in @ 
slightly acid medium containing a substance 
selected from the group consisting of ammonium 
sulfite and ammonium bisulfite, said substance 
being present in a quantity in excess of that suf- 
ficient to fix the acetaldehyde formed in the 
fermentation. 

4. In a process for the production of glycerol 
the step of fermenting a fermentable sugar with 
yeast in a slightly acid medium having a pH 
between 6.0 and 7.0 and containing a substance 
selected from the group consisting of ammonium 
sulfite and ammonium bisulfite, said substance 
being present in a quantity sufficient to fix the 
acetaldehyde formed in the fermentation and 
insufficient to substantially inhibit the fermen- 
tation reaction. 

5. In a process for the production of glycerol 
the steps of mixing a fermentable sugar, an 
acclimatized yeast organism, a yeast nutrient, 
and a substance selected from the group consisting 
of ammonium sulfite and ammonium bisulfite in 
an aqueous medium having a pH in the range 
between 6.0 and 7.0, said substance being present 
in a quantity in excess of that sufficient to fix 
the acetaldehyde formed in the fermentation, 
and adjusting the pH of the medium to maintain 
the same in said range while fermentation occurs, 
the pH being increased by increasing the sulfite 
ion concentration in the medium and the pH 
being decreased by increasing the ammonium ion 
concentration in the medium. 

6. In a process for the production of glycerol 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid medium containing a 
substance selected from the group consisting of 
ammonium sulfite and ammonium Disulfite, said 
substance being present in a quantity in excess 
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of that sufficient to fix the acetaldehyde formed 
in the fermentation, periodically adding to the 
medium a substance selected from the group 
consisting of ammonium sulfite and ammonium 
bisulfite, and maintaining the pH of the medium 
substantially constant and the medium slightly 
acid throughout the fermentation. 

7. In a process for the production of glycerol 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid medium having the’ pH 
in the range between 6.0 and 7.0 and containing 
a substance selected from the group consisting of 
ammonium sulfite and ammonium bisulfite, said 
substance being present in a quantity in excess 
of that sufficient to fix the acetaldehyde formed 
in the fermentation, periodically adding to the 
medium a substance selected from the group 
consisting of ammonium sulfite and ammonium 
bisulfite, and adjusting the pH of the medium to 
maintain the same in said range while fermenta- 
tion occurs, the pH being increased by increasing 
the sulfite ion concentration in the médium and 
the pH being decreased by increasing the ammon- 
ium ion concentration in the medium. 

8. In a process for the production of glycerol, 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid aqueous medium contain- 
ing a substance selected from a group consisting 
of ammonium sulfite and ammonium bisulfite, 
said substance being present in a quantity suf- 
ficient to fix the acetaldehyde formed in the 
fermentation and insufficient to substantially 
inhibit the fermentation reaction adding to the 
fermented medium a cation which combines with 


the sulfite ion to form a substance of low solubil- ‘3: 


ity, and separating said substance from the 
medium. 

9. In a process for the production of glycerol, 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid aqueous medium contain- 
ing a substance selected from a group consisting 
cf ammonium sulfite and ammonium bisulfite, 
said substance being present in a quantity suffi- 
cient to fix the acetaldehyde formed in the fer- 
mentation and insufficient to substantially inhibit 
the fermentation reaction adding to the fer- 
mented mixture a base having a cation which 
combines with the sulfite ion to form a substance 
of low solubility, subjecting. the fermented mix- 
ture to distillation, and separating the precipitate 
from the medium. 

10. In a process for the production of glycerol, 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid medium having a pH 
between 6.5 and 6.9 and containing a substance 
selected from the group consisting of ammonium 
sulfite and ammonium bisulfite, said substance 
being present in a quantity in excess of that suffi- 
cient to fix the acetaldehyde formed in the fer- 
mentation, precipitating the sulfite ion by adding 
to the medium a substance selected from the 
group consisting of hydroxides, oxides and car- 
bonates of metals of the alkaline earth group, 
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10 
subjecting the fermented mixture to distillation 
to remove therefrom ammonia, acetaldehyde and 
ethanol, separating the precipitate from the me- 
dium, and adding carbon dioxide to the medium 
to precipitate as calcium carbonate any soluble 
calcium remaining in the medium. 

11. In a process for the production of glycerol, 
the steps of fermenting a fermentable sugar with 
yeast in a slightly acid aqueous medium having 
a PH in the range between 6.5 and 6.9 and con- 
taining a substance selected from the group con- 
sisting of ammonium sulfite and ammonium bi- 
sulfite, said substance being present in a quantity 
sufficient to fix the acetaldehyde formed in the 
fermentation and insufficient to substantially 
inhibit the fermentation reaction, adjusting the 
pH of the medium to maintain the same in said 
range throughout the fermentation, adding to 
the mixture a substance selected from the group 
consisting of hydroxides, oxides and carbonates 
of metals of the alkaline earth group to precipi- 
tate the sulfite ion in the medium, subjecting 
the fermented mixture to distillation to remove 
therefrom ammonia, acetaldehyde and ethanol, 
and separating the precipitate from the medium. 

12. In a process for the production of glycerol 
wherein a fermentable sugar is mixed with a 
fermenting organism for producing alcoholic 
fermentation of said sugar, the steps of mix- 
ing with the sugar and fermenting organism 
a substance selected from the group consist- 
ing of ammonium sulfite and ammonium bisulfite 
in a slight acid medium and adjusting the pH of 
the medium to maintain the same substantially 
constant and the medium slightly acid while 
fermentation occurs, said substance being present 
in a quantity sufficient to fix the acetaldehyde 
formed in the fermentation and insufficient to 
substantially inhibit the fermentation reaction. 


ELLIS I. FULMER. 
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6 Claims. 


The present invention relates to a method for 
making dialyzing membranes and to the mem- 
branes thus formed, and includes correlated im- 
provements designed to enhance the utility and 
structure of such membranes. 

It has been found desirable to provide a method 
of separating substances of different molecular 
sizes from each other or electrolytes from non- 
electrolytes, by dialysis. For example, it is fre- 
quently necessary to be able to separate crystal- 
loids from crystalloids, crystalloids from colloids, 
and colloids of different molecular sizes from each 
other when present in the same solution, colloidal 
dispersion or suspension. To achieve such selec- 
tive separation of one substance from another 
efficiently, it has been found necessary to employ 
& membrane which will permit one of the dis- 
solved substances to migrate through the mem- 
brane, while at the same time substantially re- 
taining the other substance. 

Attempts have been made to separate mixtures 
of dissolved substances by dialysis using unglazed 
porcelain plates impregnated with a single pre- 
cipitated deposit of copper ferrocyanide. Such 
membranes have been found to be inefficient and 
unsatisfactory because the plates are fragile, the 
speed of dialysis is low and the separation not 
sharp enough for commercial use. The efficiency 
of such impregnated plates is low as @ substan- 
tial amount of the material desired to be retained 
passes through the membrane and is lost, for the 
reason that it is difficult to obtain plates uni- 
formly impregnated. 

It is a general object of the present invention 
to provide a method for forming an improved 
dialyzing membrane which is rapid and efficient 
in use. 

It is a further object of the invention co pro- 
vide a method for forming a dialyzing membrane 
which is fiexible, tough, and not fragile. 

It is a specific object of the invention to pro- 
vide a dialyzing membrane comprising 4 pellicle 
formed of an Jha dagen re colloidal ma- 

ng a high selectivity. 
Sra Pacts of the invention will in part be 
obvious and will in part appear hereinafter. 

According to the present invention, cea 
provided a process for forming a beh bahia M 
membrane for dialyzing comprising trea re 
hydrophilic organic Se iat Pinte, oni Soneee 
plurality of water-solubie eee 
which react with each other to form ins rity 

a deposit of a water-insoluble 
Pe Be aretgnce, and thereafter repeating said 
ee, lity of such deposits 
treatments to form a plurality 
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within the same pellicle. In its now preferred 
embodiment the dialyzing membrane of the in- 
vention comprises a hydrophilic organic pellicle 
impregnated with a plurality of gelatinous de- 
posits of an insoluble inorganic substance formed 
in situ within the pellicle. 

The expression “pellicle of hydrophilic organic 
colloid’”’ as used in the specification and claims is 
meant to include fibrous and/or non-fibrous film- 
forming materials which are capable of absorbing 
water and swelling in water. 

The invention accordingly comprises the sev- 
eral steps and relation of one or more of such 
steps with respect to each of the others, and the 
article possessing the features, properties, and 
the relation of elements, which are exemplified in 
the following detailed disclosure, and the scope 
of the invention will be indicated in the claims. 

For a fuller understanding of the nature and 
objects of the invention reference should be made 
to the following detailed description taken in 
connection with the accompanying drawing, in 
which: 

Fig. 1, diagrammatically illustrates one type of 
apparatus suitable for carrying out one embodi- 
ment of the process of the invention; 

Fig. 2 is a graph showing the relative perme- 
ability of two different membranes formed ac- 
cording to the invention; and ; 

Fig. 3 is a graph showing the effective separa- 
tion of salt from a sugar-salt solution employing 
one type of membrane formed in accordance with 
the invention. 

The pellicles employed in forming the semi- 
permeable membrane of the invention may be 
formed of fibrous and/or non-fibrous hydrophilic 
organic materials as a class. 

The non-fibrous materials, from which pellicles 
may be formed, comprise film-forming water- 
swelling (i. e. hydrophilic) colloids as a group 
such, for example, as cellulose hydrate, alkali- 
soluble cellulose ethers, hydrophilic cellulose 
esters, hydrophilic mixed ester-ethers of cellulose, 
gelatin, casein, de-acetylated chitin, water-swell- 
ing resins and the like. The hydrophilic cellu- 
lose ethers may comprise the alkyl ethers, the hy- 
droxy-alkyl ethers, the carboxy-alkyl ethers, and 
the mixed ethers such as alkyl hydroxy-alkyl 
cellulose ethers, and the cellulose ether xanthates. 
The cellulose esters which may be used include 
water-swelling compounds such as low-nitrated 
cellulose nitrate, low esterified cellulose acetate 
and cellulose formate, and the like. The cellulose 
hydrate may be regenerated from viscose or from 
cuprammonium solutions of cellulose, or from 


of cellulose in inorganic or organic sol- 
sional the water-swelling resins which 
may be used are the water-swelling polymers of 
acrylic acid, water-swelling urea-formaldehyde 
resins, water-swelling methyl-methacrylates, 
phenol-formaldehyde resins in the “A” stage, and 
the polyvinyl alcohol resins in the “A” stage, and 
the like. 

The hydrophilic fibrous materials from which 
the membrane may be formed, comprise organic 
pellicles formed of parchment paper such as 
“Patapar,” pellicles formed of leather scrap such 
as the product sold as “Brechteen,” and the fibre- 
bonded felted papers made according to the co- 
pending application of Carleton 8S. Frances, Ser. 
No. 300,876, filed October 23, 1939. 


In the preferred embodiment there is employed : 


a membrane formed of denitrated nitrocellulose. 
The pellicle employed in the invention as the 
dialyzing membrane may be in the form Of a 
foil, film, sheet, bag or tubing. 

In the preferred practice, the inorganic re- 
actants used to produce the plurality of inor- 
ganic deposits within the pellicle are applied to 
the membrane in dilute solution in a suitable 
solvent, preferably one having a swelling action 
on the particular membrane. Suitable solvents 
for use with and adapted to swell the pellicles 
of the class herein used for the membrane com- 
prise water, or substances miscible therewith 
such, for example, as the lower monohydric ali- 
phatic alcohols such, for example, as ethy] alco- 
hol; the polyhydric aliphatic alcohols such, for 
example, as glycerine and di- or tri-ethylene 
glycol; triethanolamine and-the like, or mixtures 
of one or more of these solvents with each other 
or with water. 

In order to prepare such sheet material for 
impregnation, it is often desirable to swell the 
sheet material and/or treat it with various sub- 
stances to remove impurities before passing the 
sheet into the solution of copper sulfate. Thus, 
a swelling agent such as zinc chloride, sodium 
hydroxide, calcium thiocyanate and the like may 
be used for pre-treating the sheet material prior 
to impregnation in order to facilitate impregna- 
tion and/or depositing the insoluble copper ferro- 
cyanide in situ. 

It has also been found desirable to treat the 
sheet material with a detergent, saponifying 
agent and the like, such as sodium perborate 
to remove such impurities as oi] film, grease, dirt, 
etc. prior to impregnation. Thereafter the sheet 
may be rinsed to remove the sodium perborate, 
or it may be further treated with an acid such 
as a dilute solution of acetic acid, oxalic acid, 
etc. to neutralize the residual perborate. The 
sheet material may then be washed, whereupon 
it may then be treated with a swelling agent, 
or impregnated in the manner described to form 
the membrane. 

In its simplest embodiment, the process re- 
quires the use of two reactants which shall be 
referred to hereinafter as “reactants A and B” 
which react to form a gelatinous insoluble pre- 
cipitate within the pellicle, and the solutions 
thereof will be designated respectively as solu- 
tions “A” and “B.” In general, insofar as the 
chemical nature of the reactants A and B is 
concerned, it is not material in which order the 
solutions thereof are applied to the material. 

In the now preferred procedure it has been 
found desirable, after treating the materia] with 
the first solution, to allow sufficient time for the 
solvent to diffuse through the surface and carry 
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the reactant into the body of the material. On 
the other hand, it is desirable to remove the sur- 
face liquid resulting from treating the material 
with the first solution so that the reaction occurs 
only with the absorbed liquid within the pellicle, 
and thereafter applying the second liquid. The 
surplus of the first solution may be removed by 
the use of doctor blades, squeeze rolls or other 
suitable means and/or by rinsing the treated 
pellicle with water, and the second solution B 
is then applied preferably by the use of a bath. 
As the second solution B diffuses within the 
pellicle, the reagents A and B react to form the 
gelatinous insoluble precipitate within the body 
of the pellicle. The pellicle is again rinsed or 
washed to remove any surface deposits of the 
insoluble compound. Thereafter this sequence 
of steps is repeated until sufficient deposits of 
the insoluble compound are formed to attain the 
objects of the invention. 

By way of illustrating the steps of the process 
of the invention, but not by way of limitation, 
there may be given the following examples of 
inorganic reactants and insoluble products there- 
of which are suitable for use in the process: 


Table 1 
Reactant A Reactant B Precipitate 

1 | Copper sulfate... . dpnrriom ferrocy- | Copper ferrocyanide. 
anide. 

2 | Copper tartrate._..| Sodium ferrocyanide Do. 

3 Ferric chloride... _- ——— ferrocy- | Ferric ferrocyanide. 
anide. 

4 | Nickel sulfate. .._.|___.- Pt tO eh th ein Nickel ferrocyanide. 

8 | Calcium chloride..| Sodium phosphate..| Calcium phosphate. 

6 | Zinc chloride--.--.. re ferrocy- | Zinc ferrocyanide. 
anide 

7 | Aluminum sulfate | Sodium hydroxide 


" -| Aluminum hydrox- 
ide. 


According to the preferred process a thin sheet 
of denitrated nitrocellulose is impregnated with 
a dilute solution of copper sulfate. The sheet is 
then gently rinsed with water to remove any sur- 
face deposit and passed into a solution of potas- 
sium ferrocyanide whereupon an insoluble de- 
posit of copper ferrocyanide is formed in situ 
within the pellicle. The membrane is then 
gently rinsed to remove any surface deposit and 
the process then repeated, passing the sheet from 
copper bath to ferrocyanide bath, to form a plu- 
rality of such layers or deposits of insoluble cop- 
per ferrocyanide in situ. From 2 to 15 such 
complete treatments are performed on the sheet 
material, forming a like number of consecutive 
deposits or layers of copper ferrocyanide within 
the sheet material. The dialyzing membrane 
thus formed is capable of selectively separating 
suspended or dissolved particles from other sub- 
stances in solution, depending upon the nature 
of the particles and the number of layers of 
precipitate formed in the pellicle. 

For purposes of illustration but not by way of 
limiting the invention, reference should be had 
to Fig. 1 of the drawing, wherein denitrated 
nitrocellulose film 10 is passed over idling rollers 
{2 in a sinuous manner to thoroughly impreg- 
nate the sheet with the copper sulfate solution 
contained in vessel !{!. The film is then passed 
between squeeze rollers 13 in order to remove 
excess copper sulfate solution, then through a 
water bath 14. The traverse of the film through 
the bath 14 should be regulated to remove cop- 
per sulfate from the surface but not substan- 
tially from the interior of the pellicle. The sheet 
is next passed through bath #6 comprising an 
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aqueous solution of potassium ferrocyanide, 
whereupon copper ferrocyanide is precipitated 
within the shect material. The sheet material 
is then passed through a bath of water {6 to 
remove excess potassium ferrocyanide and loose 
deposits of copper ferrocyanide adhering to the 
surface. The process is then repeated, passing 
the sheet material over supporting rollers (1, 
again through the initial copper sulfate solution 
in bath {!, through water bath (4, then once 
more into the potassium ferrocyanide bath {5 to 
precipitate a second layer or deposit of copper 
ferrocyanide within the sheet material. In order 
to make the process continuous the sheet ma- 
terial may be joined upon itself at X—Y. Re- 
peating the above process there is formed suc- 
cessively a plurality of deposits of copper ferro- 
cyanide within the sheet material. The process 
is continuous and may be repeated as often as 
desired, or until it has been found that a suffil- 
cient number of layers or deposits have been 
formed within the pellicle. 

After a sufficient number of deposits have been 
thus formed, the sheet is broken at X’—Y’ and 
passed through plasticizing bath {8 containing 
a plasticizer such as 10-20% glycerine or other 
suitable plasticizer known to the art, then over 
drying rollers {9 and the sheet material dried 
and finished in the usual manner, 

Referring to Fig. 2 there is shown the result 
of dialyzing a 20% aqueous solution of lactose 
through membranes formed of parchment paper 
and denitrated nitrocellulose, both types of 
membranes being formed in accordance with the 
invention. It will be noted that the untreated 
parchment paper membrane will permit passage 
of approximately 2% lactose from solution over 
a period of 16 hours. After the parchment paper 
has been treated to form seven deposits of cop- 
per ferrocyanide in situ, it will be noted that 
only 144% lactose passed through the membrane 
while after fourteen treatments the amount 
passed falls to about 1%. 

Considering the cenitrated nitrocelluloss: mem- 
brane, it will be noted that the untreated sheet 
will permit passage ot approximately 4% of lac- 
tose within 16 hours. but after the sheet has been 
impregnated with seven deposits of copper ferro- 
cyanide, approximately only 1% Jo of lactose 
passes from solution, while after ten deposits sub- 
stantially no lactose passes through the film. In 
other words, the untreated denitrated nitrocellu- 
lose sheet material wi!l initially pass more lac- 
tose from solution than parchment paper but 
after formation of ten deposits of copper etter 
cyanide in situ, the denitrated nitrocellulose shee 
is substantially impervious to the lactose, in con- 
trast with the treated parchment paper. 

} aration of salt 

In Fig. 3 there is shown the sep ao 
from lactose in an aqrveous solution pombe pte 
20% lactose and 12% salt. A sheet of den Sb 
nitrocellulose having 10 deposits of copper if = 
cyanide formed in situ within the sheet ne et 
was found tc pass substantially none of t . ee 
tose from solution during 16 hours, while a 

tent was extracted 
same time 3% of the salt con hice 
and removed from the mixture. Thus, w 


i he salt could be removed 
reasonable time all of t ane At tha peta 


The dialyzing membranes of the present in- 


vention have been foun 


tion of various mixtures ot ¥ 
tion, suspension, colloidal dispersion. The sem 


ed for the sepa- 
ermeable membranes can be us | 
ota of crystallcids from colloids, for example 
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the separation of salts and sugars from molasses, 
milk, blood, latex and the like; separation of col- 
loids of large molecular weights from those of 
Smaller molecular weights, such for example as 
the separation of mixtures of dextrines having 
different molecular weights, or the separation of 
impurities from vitamins, hormones, latex, milk, 
dextrines and the like. 

By way of illustrating various methods of form- 
ing the dialyzing membrane of the invention but 
not by way of limitation thereof, the following 
examples are given: 


Example I 


A denitrated nitrocellulose sausage casing hav- 
ing a wall-thickness of 0.0019 to 0.0026 inch was 
initially treated with a solution of 2% sodium 
perborate for about 20 minutes to remove oil film 
and surface deposit. The casing was then washed 
to remove the excess sodium perborate. The 
casing was then treated with an aqueous solu- 
tion comprising from 5% copper sulfate and 
sufficient ammonium hydroxide to adjuvst the 
PH of the solution to from 7.6 to 7.9. Any undis- 
solved copper hydroxide was then filtered off. 
The casing was treated with this solution from 
5 to 25 minutes, gently rinsed to remove any ex- 
cess solution from the surface and then passed 
into a bath comprising from 2 to 10% potassium 
ferrocyanide having the pH adjusted with 
acetic acid to from 6.0 to 65 and allowed to 
remain in this solution for abovt 5 minutes. After 
such treatment the casing was found to have ac- 
quired a light brown coloration due to the forma- 
tion of insoluble copper ferrocyanide within the 
casing. The process was then repeated nine 
times, the casing passing from the copper sulfate 
bath to the potassium ferrocyanide bath, each 
time forming an additional layer of insoluble 
copper ferrocyanide in situ and the casing gradu- 
ally acquiring a browner coloration with each 
successive deposit thus formed. A casing having 
10 layers of copper ferrocyanide formed in situ 
contains about 25 grams of copper ferrocyanide 
per square meter of sheet material. Two super- 
imposed membranes were then tested in a dialyz- 
ing vessel and found to retain all but 8% of the 
saccharose present in molasses which comprised 
11-12% salt and 65% of sugars, while removing 
89% of the salt present in solution. 


Example II 


A sheet of denitrated nitrocellulose having a 
wall thickness of 0.0039 inch was treated with a 
solution comprising approximately 5% Rochelle 
salt (sodium potassium tartrate) and 5% copper 
sulphate together with sufficient sodium hy- 
droxide to adjust the pH to approximately 7.5. 
After treating the sheet with the copper solution 
for about 15 minutes, the sheet was then gently 
rinsed with pure water and passed into @ solu- 
tion of potassium ferrocyanide of 10% concen- 
tration, containing sufficient quantity of dilute 
acid to adjust the pH to 6.0-6.5. After 10 minutes 
a deposit of copper ferrocyanide formed in situ. 
The sheet material was then washed to remove 
any surface deposit and the process repeated, 
passing the film fifteen times through the same 
baths in the order just described to form a total 
of 16 successive deposits of copper ferrocyanide 
in situ. The dialyzing membrane thus formed 
was found to permit passage of a high percentage 
of salt from a sugar-salt solution, while retain- 
ing substantially all of sugars in solution. 


4 
Example III 


Parchment paper such as that sold under the 
trade name “Patapar” was passed into a 3 to 5% 
ferric chloride solution having the pH adjusted 
to render the solution slightly acid, 1. e., from pH 
4-6.9. The sheet was then superficially rinsed 
to remove surface excess and then passed into a 
second bath comprising from 2 to 10% potassium 
ferrocyanide, having the pH adjusted to approxi- 
mately 7.3 to 8.5, that is, slightly on the alkaline 
side, whereupon there was formed an insoluble 
deposit of ferric ferrocyanide in situ. Treatments 
ranged from 3 to 20 minutes. The sheet was then 
removed from the potassium ferrocyanide bath, 
gently rinsed and again treated in the ferric chlo- 
ride bath and then rinsed again. The above 
process was then repeated, passing the sheet from 
ferric chloride bath to potassium ferrocyanide 
bath, rinsing the sheet between each operation. 
After twelve such impregnations, the sheet was 
employed as a dialyzing membrane for selective 
separation of various substances in solutions of 
the class described. 


Ezrample IV 


| 

A sheet of Cellophane was passed through & 
solution comprising 10% nickel sulfate, 10% 
Rochelle salt (sodium potassium tartrate) and 
sufficient sodium hydroxide to adjust the pH to 
from 7.2 to’ 9.2. After about twenty minutes the 
Cellophane was washed to remove surface de- 
posits and passed into a bath comprising from 
2 to 10% potassium ferrocyanide having the pH 
adjusted to 5.2-6.8. The sheet was allowed to 
stand in this bath for about 10 minutes, again 
washed to remove surface deposits and the process 
then repeated, passing the sheet from the nickel 
sulfate bath to the potassium ferrocyanide bath 
until the sheet had been impregnated with de- 
posits of nickel] ferrocyanide. The sheet was 
found to be very effective as a dialyzing mem- 
brane. 

Ezample V 


A sheet of denitrated nitrocellulose having a 
wall thickness of from 0.0025 to 0.0030 inch was 
treated with a 2% solution of sodium perborate 
to cleanse the surface and thereafter rinsed with 
a dilute solution of oxalic acid to neutralize any 
remaining perborate. The sheet of denitrated 
nitrocellulose was then rinsed to remove the 
sodium perborate or sodium citrate remaining. 
The sheet was then treated with a 5-10% aque- 
ous solution of zinc chloride having sufficient hy- 
drochloric acid present to adjust the pH to be- 
tween 4.0 and 6.5. The zinc chloride was allowed 
to penetrate the sheet material thoroughly for 5 
to 15 minutes whereupon the sheet material was 
sufficiently washed to remove the solution of zinc 
chloride remaining on the surface, but not to 
wash out the zinc chloride within the wall struc- 
ture. The sheet was then passed into an aque- 
ous solution comprising from 5-10% potassium 
ferrocyanide having the pH adjusted to from 
7.5 to 9.8. After about 5 to 10 minutes in con- 
tact with the potassium ferrocyanide solution the 
sheet was removed and found to have become im- 
pregnated with a deposit of insoluble zinc ferro- 
cyanide precipitated in situ. The sheet was then 
washed in water for about a minute to cleanse 
the surface and the process tnen repeated, pass- 
ing the sheet from the zinc chloride solution to 
the potassium ferrocyanide solution until a plu- 
rality of deposits of insoluble zinc ferrocyanide 
was formed in situ. After about 7 such treat- 
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e sheet material was found to become an 
preheat dialyzing membrane when tested in a 
dialyzing cell against a molasses solution contain- 
ing salt. The salt passed through the mem- 
brane but the large majority of the sugar was 
retained in the molasses solution with very little 
of the sugar passing through the membrane and 
becoming lost with the salt removed. 

It will be noted from the above description and 
the examples that the pH of the solutions A and 
B employed in the invention is adjusted to de- 
posit the optimum amount of precipitate in the 
pellicle in each instance. 

The dialyzing membranes may be used in com- 
bination with each other, for example, the mem- 
branes which may be formed according to the 
invention may be laminated or placed adjacent 
one another, or they may be used individually or 
separately, or in combination with untreated 
sheets in a dialyzing process. 

Among the many advantages which may be 
mentioned in employing the novel dialyzing mem- 
branes herein described, one dissolved substance 
in a compiex solution may be substantially com- 
pletely separated and removed from said solution 
with little loss of the other components which 
are retained in the solution, such for example 
as a process whereby an electrolyte such as salt 
dissolved in a complex salt-sugar solution may be 
separated from the sugars which comprise non- 
electrolytes, and with minimum loss of sugar from 
the solution. In employing the membranes in a 
dialyzing process, the operation proceeds in a 
uniform and regular manner without necessitat- 


> ing heat and/or pressure, such as would be re- 


quired in a distillation process. Furthermore, in 
attempting to separate one or more substances 
from @& complex solution by means of distilla- 
tion, the quality or chemical nature of such sub- 
stances is often impaired or destroyed as a result 
of heating. The dialyzing membrane of the in- 
vention has been found to be very effective in 
efficiently separating various materials dissolved 
in complex solutions and at the same time such 
process involves little cost in the way of manu- 
facture, operating expense or labor. 

Since certain changes in carrying out the above 
process, and certain modifications in the article 
which embody the invention may be made with- 
out departing from its scope, it is intended that 
all matter contained in the above description or 
shown in the accompanying drawing shall be 
interpreted as illustrative and not in a limiting 
sense. 

It is also to be understood that the following 
claims are intended to cover all of the generic 
and specific features of the invention herein de- 
scribed, and all statements of the scope of the 
invention which, as a matter of language, might 
be said to fall therebetween. 

Having described my invention, which I claim 
as new and desire to secure by Letters Patent is: 

1. In a process for forming semi-permeable 
dialyzing membranes, the steps comprising treat- 
ing a pellicle of hydrophilic organic colloidal ma- 
teria] in sequence, first with a water-soluble in- 
organic copper salt, thereafter applying a sec- 
ond water-soluble inorganic salt comprising me- 
tallic salt of a ferrocyanide, said salts reacting 
with each other to form a deposit of a water- 
insoluble inorganic substance within the pellicle, 
thereafter repeating said treatments to form a 
ath of such deposits within the same pel. 

cle. 


2. In @ process for forming semi-permeable 
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dialyzing membranes, the steps comprising treat- 
ing a pellicle of non-fibrous hydrophilic cellulosic 
material in sequence, first with a water-soluble 
inorganic copper salt, thereafter applying a sec- 
ond water-soluble inorganic salt comprising me- 
tallic salt of a ferrocyanide, said salts reacting 
with each other to form a deposit of a water- 
insoluble inorganic substance within the pellicle, 
thereafter repeating said treatments to form a 
oped of such deposits within the same pel- 
cle. 

3. In a process for forming semi-permeable 
dialyzing membrane, the steps comprising treat- 
ing a pellicle of hydrophilic organic colloida] ma- 
terial in sequence first with a water-soluble in- 
organic compound and thereafter applying a sec- 
ond water-soluble inorganic compound which re- 
acts with said first compound to form a gelati- 
nous deposit of a water-insoluble inorganic sub- 
stance within the pellicle, thereafter repeating 


10 


15 


said treatments to form a plurality of 
inous deposits within the same 

4. As an article of manufacture, a pre 
able dialyzing membrane comprising a 
of hydrophilic organic colloidal material 
a plurality of gelatinous deposits of a w: 
soluble inorganic substance formed within tl 
pellicle. a 

5. As an article of manufacture, a se ee rme. 
able dialyzing membrane comprising a p 
hydrophilic cellulosic material having a F 
of gelatinous deposits of a water- 
ganic substance formed within the pellicle. 

6. As an article of manufacture, a semi- perme. 
able dialyzing membrane comprising a p 
hydrophilic regenerated cellulose materi 
ing a plurality of gelatinous deposits of a wate 
insoluble inorganic substance formed within t 
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6 Claims. 


_This invention relates in general to plasti- 
cizers for Pellicles formed of hydrophiiic colloids 
and in particular to a process of making a plas- 
ticizing composition for pellicles formed of hy- 
drophilic colloids and to the plasticizing com- 
Position so produced. This application is a con- 
tinuation-in-part of my co-pending application, 
Serial No. 430,260, filed February 10, 1942. 

Heretofore pellicles formed of hydrophilic col- 
loids, such as Cellophane, have been plasticized 
with glycerol. However, the commercial uses of 
glycerol are so varied that its market price fre- 
quently fluctuates over a wide range. In view 
thereof, attempts have been made to provide ad- 
ditional sources of glycerol, such as by fermenta- 
tion of molasses. The production of glycerol by 
the fermentation of molasses is, however, sub- 
ject to many drawbacks from a commercial view- 
point, chief of which is the difficulty of separating 
and recovering the glycerol in a pure form from 
the products of fermentation. For example a 
typical black strap molasses contains fermentable 
sugars 40 to 48%, unfermentable sugars 5 to 
§%, organic colloids (proteins, gums, etc.) 19 to 
23%, ash 5 to 8%, and the remainder water. To 
this complex system there are added nutrient 
salts and compounds necessary to maintain the 
pH value. After fermentation, the mixture con- 
tains al] of the unfermentable matter and in ad- 
dition the products of fermentation. After fer- 
mentation, the product includes glycerol, ethy! 
alcohol, acetic acid, acetaldehyde, and a tract of 
fuse] oil. 

It is obvious therefore that the glycerol must 
be separated from (a) the inorganic salts, (b) 
the organic crystalloids including the organic 
salts and the unfermentable sugars, (Cc) the or- 
ganic colloids stich asthe proteins and gums, and 
(d) the volatile organic compounds. The sepa- 
ration of the glycerol in a pure form from all 
of these classes of substances is a tedious, ex- 
pensive and complicated process. However. since 
plasticizers for transparent hydrophilic pellicles 
must be odorless, and colorless, and leave the 
pellicle non-tacky, it is not possible to use the 
glycerol mixture obtained by such prior fermen- 
tation of molasses without purification. Nae 

It is a general object of the present ines: 
to provide a simple and economical coe aint 
making a plasticizing composition for hy 


i ids. 
ee oes specific object of the invention sete 
provide a method of making a neha Pop 
position for hydrophilic pellicles by fermenta 
in a simple and economical manner. 
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It is another specific object of the invention to 
obviate ‘he necessity of expensive and compli- 
cated m-:thods of separating glycerol from the 
products of fermentation, as required when glyc- 
ero] is produced by fermentation of molasses as 
heretofore practiced. 

It is another object to provide a plasticizing 
composition for hydrophilic pellicles containing 
fermentation glycerol. 

Other objects of the invention will in part be 
obvious and will in part appear hereinafter. 

According to the present invention, a compo- 
sition for plasticizing hydrophilic pellicles is pre- 
pared by fermentation using as the fermentable 
material molasses or a sugar solution. In carry- 
ing out the process, the sugar in such solutions is 
fermented in a known manner with yeast, in an 
alkaline medium, maintaining the desired alkalin- 
ity thereof by the addition of an excess of a wa- 
ter-soluble alkaline compound which reacts with 
the acetic acid produced during the fermentation 
to form a hygroscopic acetate and, after fer- 
mentation, the volatile substances, except glyc- 
erol, are distilled off and recovered, if desired, 
and the composition thus remaining, is concen- 
trated and then dialyzed to obtain an aqueous 
solution of the glycerol and the hygroscopic 
acetate, which solution, with or without further 
concentration, is employed for plasticizing ar- 
ticles formed of hydrophilic colloids. 

For the fermentable materials there are used 
fermentable sugars such, for example, as mo- 
lasses derived from cane, beet, corn, or by the 
hydrolysis of starch. There is preferably used a 
high-grade or partially purified molasses com- 
prising about 75%-80% fermentable sugars, sub- 
stantially no unfermentable sugars or colloids 
and ash about 1.5-3%. The molasses is prefer- 
ably fermented in the form of a dilute solution 
containing, for example, from 15 to 20% by 
weight of sugar. To the dilute molasses or sugar 
solution suitable nutrient salts may be added to 
promote the growth and acivity of the yeast. By 
way of example, there may be used such nutrient 
salts as ammonium chloride, ammonium sulfate, 
ammonium phosphate, magnesium phosphate, 
and the like. For the fermentation of the sugar 
solution, there may be employed any suitable 
yeast, such, for example, as the yeast S. ellip- 
soideus (variety Steinberg) as shown in U. S. 
Patent No. 1,288,398, or the yeast No. 16 as dis- 
closed in the McDermott U. S. Patent No. 
1,551,997, or any other suitable culture. The 
yeast is preferably acclimated to the growth in 
the sugar by starting the yeast growth in a very 
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dilute sugar solution and then transferring the 
culture to more concentrated solutions of the 
sugar until the yeast shows an active metabolism 
in an aqueous solution of from 15 to 20% by 
weight of sugar. 

During the process of fermentation the pH 
of the solution is maintained preferably between 
7 and 8.5 by the addition of a water-soluble*com- 
pound giving an alkaline reaction in aqueous 
solution. Although water-soluble alkaline com- 
pounds as a class may be used to maintain the 
pH, there is employed in the now preferred em- 
bodiment an alkaline compound which by reac- 
tion with the acetic acid produced during the 
fermentation will produce a water-soluble acetate 
having hygroscopic properties. The alkaline 
compounds used are those which are non-toxic 
to the yeast. Alkaline compounds for this pur- 
pose comprise as a class the water-soluble inor- 


ganic alkaline compounds which give an alkaline 2 


reaction in aqueous solution, such, for example, 
as potassium carbonate, potassium hydroxide, 
sodium carbonate, ammonium carbonate, ammo- 
nium hydroxide, and the water-soluble organic 
bases as a class, such, for example as quaternary 
ammonium bases, alkyl amines and hydroxy- 
alkyl amines and the like, all of which com- 
pounds are characterized by being water-soluble, 
alkaline in reaction, and by reacting with acetic 
acid to form hygroscopic acetates. Preferably 
the acetates produced should be deliquescent salts 
such, for example, as potassium acetate, ammo- 
nium acetate, the ethanolamine acetates and the 
like, since such salts give better results in soften- 
ing hydrophilic pellicles. 

It has been found that such acetates, in par- 
ticular, potassium acetate, form excellent plas- 
ticizers for pellicles formed of hydrophilic col- 
loids so that the presence of these acetates in 
the fermentation product is functionally impor- 
tant and, in accordance with the present inven- 
tion, they are not removed from the products 
of fermentation. 

Therefore, in the now preferred practice there 


is added to the molasses solution potassium car- - 


bonate (alone or in admixture with potassium 
actate) in an amount sufficient to neutralize the 
acetic acid formed during fermentation. Pref- 
erably, the alkaline compound is used in excess 
because this appears to increase the production 
of glycerol. After fermentation the excess may 
be neutralized with acetic acid. In the presence 
of the excess of the alkaline compound, the pH 
rapidly drops during fermentation to about 7.4 
and remains at that value. 

In the now-preferred embodiment of the com- 
position the ratio of hygroscopic acetate com- 
pound to the glycerol should be within the range 
from 1:2 to 1:3. If the amount of acetic acid 
produced during fermentation is not sufficient 
to bring the ratio within the range indicated, the 
invention contemplates that a suitable quantity 
of a hygroscopic acetate may be added to the 
product of fermentation. 

The fermentation of the sugar solution may be 
carried out at any suitable temperature at which 
the yeast cells show sufficient activity, but in 
the now preferred embodiment the process is 
carried out at a temperature of from 30 to 40° C. 

After the fermentation process has been com- 
pleted the fermented product will contain glyc- 
erol, ethyl alcohol, the water-soluble acetate, a 
trace of acetaldehyde, a trace of fuse] oil, and a 
trace of the nutrient salts and unfermented 
sugar. When a 20% sugar solution has been 
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fermented, the liquiq before distillation of the 
alcohol comprises, for example, glycerol from 4% 
to 6%, water-soluble acetate from 1% to 2%, 
and a trace of unfermented sugar and nutrient 
salts, and the remainder is water. The fer- 
mented solution is preferably rendered acid, for 
example, by adding acetic acid until the pH lies 
between 5.5 and 6.5 and the alcohol is then dis- 
tilled off and recovered in a known manner. An 
acid condition of the solution during distillation 
is desirable to avoid the production of ammonia 
and because the stills used are normally made 
of copper. 

This “plasticizing composition” thus produced 
may then be used for plasticizing articles formed 
of hydrophilic colloids. However, as the solution 
thus produced is dilute, the liquid, freed from 
alcohol, is preferably concentrated to about one- 
half its volume and fresh molasses added thereto 
to give a sugar content of about 20% and this 
mixture is refermented. For refermentation ad- 
ditional potassium carbonate is added if necessary 
to neutralize the acetic acid produced in the 
second fermentation and to render the solution 
slightly alkaline. After the second fermentation, 
the solution is again rendered acid as above de- 
scribed and the alcohol again distilled off and 
the solution again concentrated to about 50% 
of its initial volume. During such distillation, 
the yeast is killed by the heat. When the final 
solution is to be dialyzed before use, the pres- 
ence of the yeast is not objectionable since it 
does not pass through the dialyzing membrane. 
When dialysis is not to be employed, the yeast 
is preferably separated from the glycerol solu- 
tion by suitable means, such as by filtration. The 
resulting solution contains, as the essential plas- 
ticizers, glycerol and potassium acetate, but it 
also contains certain colloids and inorganic im- 
purities. Further, when derived from cane mo- 
lasses, the solution has a black color. 

The concentrated solution may be purified and 
decolorized by suitable chemical or physical 
treatment. For example, the solution may be 
separated from the yeast and other colloids by 
dialysis for which one may use a parchment 
paper or a non-fibrous membrane such, for exam- 
ple, as regenerated cellulose, with water run- 
ning counter current to the fermented liquor on 
the opposite side of the membrane. These mem- 
branes may be used in the form of tubes or 
Sheets. The glycerol and potassium acetate, with 
other water-soluble salts, pass through the mem- 
brane into the water. If dialysis is not desired, 
chemical methods of removing the undesired 
constituents may be resorted to. For example, 
iron may be removed from the solution by treat- 
ment with oxalic acid. Further, the solution 
may be clarified by precipitating aluminum hy- 
droxide in situ, which precipitate is allowed to 
settle and the liquid decanted and/or filtered. 
The precipitate of aluminum hydroxide tends to 
remove a substantial amount of the color and 
various insoluble ingredients. Alternatively, 
albumin and the tannin may be added to the solu- 
tion and precipitated with formaldehyde to carry 
down a substantial amount of the impurities and 
coloring matter. 

When the original solution employed or the 
solution produced has an objectionable color, the 
original sugar solution or the fermented liquor 
may be decolorized by suitable means, such for 
example as by passing it through activated car- 
bon, silica gel or Activated Alumina. However, 
when the solution contains colloidal coloring 


~~ —_ 


2,386,381 3 


matter which is difficult to remove by such ab- 
sorbents, the solution is preferably dialyzed first 
to remove such objectionable coloring matter 
and then decolorized by such absorbents. 

It is to be understood that to the plasticizine 
composition of the present invention there may 
be added known plasticizers for hydrophilic col- 
loids, such for.example as additional glycerol, a 
glycol, ethylene glycol, diethylene glycol, an al- 
kylol amine, or its water-soluble salt, sorbitol, 
urea, and the like. 

The plasticizing composition thus produced is 
adapted for plasticizing hydrophilic colloids as a 
class in the form of pellicles, filaments, tubes, 
bands and capsules. For example, the composi- 
tion may be used to plasticize regenerated cel- 
lulose, gelatine, casein, hydrophilic cellulose 
ethers as a class, such for example as alkyl cel- 
lulose ethers, hydroxyalkyl cellulose ethers, car- 
boxy-alkyl cellulose ethers, mixed cellulose 
ethers, water-swelling cellulose esters as a class, 
water-swelling synthetic resins as a class, leather, 
glassine, paper, and the like. 

The plasticizing composition produced accord- 


ing to this invention is particularly adapted for ~5 


use in softening and plasticizing regenerated 
cellulose pellicles in the production of Cellophane. 
The regenerated cellulose sheet in the wet gel 
state is passed through a bath containing the 
plasticizing composition, the concentration of the 
composition being so adjusted that the mixture 
of glycerol and water-soluble acetate comprises 
from 3.5 to 5% by weight of the bath at 40° C. 
Such a bath is suitable for making Cellophane of 


#300 weight. For plasticizing heavier Cello- ‘ 


phane, the concentration is adjusted in accord- 
ance with the known practice in the art. 

By way of illustrating but not by way of limit- 
ing the invention, there will be given the follow- 
ing detailed example: 

An aqueous solution of cane molasses contain- 
ing 20% by weight of fermentable sugar, is ad- 
justed to a pH of between 7 and 8 by the addi- 
tion of from 4% to 5% potassium carbonate. A 
nutrient solution containing a mixture of cal- 
cium hydrogen phosphate, ammonium dihydro- 
gen phosphate or urea and concentrated yeast 
extract is added. To this solution there is added 
@ suitable yeast culture and the solution fer- 
mented at a temperature of 35° C. During fer- 
mentation the potassium carbonate neutralizes 
the acetic acid produced, but the excess carbon- 
ate maintains the pH at about 7.4. After fer- 
mentation, the pH of the solution is adjusted 
to a value of 5.5 to 6.5 by the addition of acetic 
acid. The solution is then distilled and the al- 
cohol recovered. The resulting solution is then 
concentrated to one-half its initial volume, and 
fresh molasses is added to give a solution con- 
taining about 20% sugar and the fermentation 
repeated with additional yeast under the initial 
conditions. After the second fermentation, the 
solution is again acidified with acetic acid and the 
alcohol again distilled off and recovered. These 
operations are repeated until the desired concen- 
tration of glycerol has been obtained in the solu- 
tion. When fermentation is apparently va 
pleted, the yeast may be separated from the sy 
uid by filtration. The final solution is rneepiek 
through a membrane of regenerated cellulose an 

. ‘usted to from 3.5 to 5% by 
the glycerol content adjustec a aie 
weight, whereupon the solution will con é 
from 1 to 2.5% potassium acetate. This comp 


sition may be used at 40° 
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generated cellulose in the wet gel state of the 
weight required for making #300 Cellophane. 

Tt is to be understood that the volatile sub- 
stances need not be separated from the ferment- 
ed liquor and such substances may remain in the 
solution when it is employed for plasticizing the 
hydrophilic colloid. 

While the invention has particular application 
to the production of plasticizing compositions for 
hydrophilic colloids, the composition has many 
other uses and, if desired, the glycerol may be 
separated from the composition by distillation 
and utilized for many purposes, 

In the appended claims, the expression “‘sugar 
solution” is intended to include molasses solu- 
tions per se as well as solutions of sugar derived 
from the partial refining of crude molasses and 
solutions obtained by the dialysis of molasses, as 
a result of which operations the organic colloids, 
such as the proteins, gums, etc., are separated 
from the sugar solution. 

While a process and composition for plasticiz- 
ing a hydrophilic colloid and the plasticized 
product so produced are disclosed in this applica- 
tion, no claims are made to such subject matter 
herein since that subject matter is claimed in 
my co-pending application, Serial No. 430,260, 
filed February 10, 1942. 

Since certain changes in carrying out the 
above process and certain modifications in the 
composition which embody the invention may be 
made without departing from its scope, it is in- 
tended that all matter contained in the above 
description shall be interpreted as illustrative and 
not in a limiting sense. 

Having described my invention, what I claim 
as new and desire to secure by Letters Patent is: 

1. A process of producing a plasticizing com- 
position comprising fermenting a fermentable 
sugar solution to glycerol and acetic acid by 
means of yeast, maintaining the solution alkaline 
by the addition of a water-soluble alkaline com- 
pound which is adapted to react with the acetic 
acid to form a hygroscopic acetate, and separat- 
ing the glycerol and said acetate from the fer- 
mented liquor by dialysis. 

2. A process of producing a plasticizing com- 
position comprising adding yeast to an aqueous 
alkaline solution comprising a fermentable sugar, 
fermenting the sugar solution to glycerol where- 
upon some alcohol and acetic acid are simultane- 
ously produced, maintaining the solution alkaline 
by the addition of a water-soluble alkaline com- 
pound which is adapted to react with the acetic 
acid to form a hygroscopic acetate, distilling off 
the alcohol from said liquor and separating the 
glycerol and said acetate from the fermented liq- 
uor by dialysis. 

3. A process of producing a plasticizing com- 
position comprising fermenting molasses con- 
taining a fermentable sugar to glycerol and acetic 
acid with yeast, maintaining the molasses solu- 
tion alkaline by the addition of a water-soluble 
alkaline compound which is adapted to react with 
the acetic acid resulting from the fermentation 
to form a hygroscopic acetate, rendering the so- 
lution acid after fermentation, distilling volatile 
substances from the fermented liquor without 
distilling the glycerol therefrom, and dialyzing 
said fermented liquor to obtain a solution of the 
glycerol and said acetate. 

4. A process of producing a plasticizing com- 
position comprising fermenting a fermentable 
sugar solution to glycerol and acetic acid with 
yeast while maintaining the liquid alkaline by 


A 


the addition of an alkaline potassium compound 
which is adapted to react with the acetic acid re- 
sulting from the fermentation to form a hygro- 
scopic acetate, distilling volatile substances from 
the fermented liquor without distilling glycerol 
therefrom, and dialyzing said fermented liquor 
to obtain a solution of the glycerol and said ace- 
tate. 

5. A process of producing a plasticizing zom- 
position comprising preparing an aqueous solu- 
tion comprising a fermentable sugar, yeast and 
nutrient salts for said yeast, fermenting said so- 
lution while alkaline to give alcohol, acetic acid 
and glycerol, maintaining the liquid alkaline dur- 
ing fermentation by adding a water-soluble alka- 
line compound which, by reaction with the acetic 
acid produced, will give a hygroscopic acetate 
having hygroscopic properties, distilling the yeast 
and the alcohol from the fermented liquor, con- 
centrating the residue, repeating the fermenta- 
tion, distillation and concentration until] the de- 
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sired glycerol content is obtained and dialyzing 
the fermented liquor to obtain an aqueous solu- 
tion comprising glycerol and said acetate. 

6. A process of producing a plasticizing com- 
position comprising fermenting an aqueous alka- 
line solution comprising a fermentable sugar, 
yeast and nutrient salts for said yeast to give al- 
cohol, acetic acid and glycerol, maintaining the 
solution alkaline during fermentation by carry- 
ing out the fermentation in the presence of an 
excess of a water-soluble alkaline compound 
which, by reaction with the acetic acid produced, 
will give a water-soluble acetate having hygro- 
scopic properties, distilling the alcohol from the 
fermented liquor, concentrating the residue, re- 
peating the fermentation, distillation and con- 
centration until the desired glycerol content is 
obtained, and dialyzing the fermented liquor to 
obtain an aqueous solution containing glycerol 
and said acetate. 

RALPH T. K. CORNWELL. 


2,411,238 


J. ZENDER 


Nov. 19, 1946. 


PROCESS AND APPARATUS FOR DIALYZING SOLUTIONS 


2 Sheets-Sheet 1 


Filed July 8, 1943 


“SS LLUSVSVSLSVeSVVesSVVEet_ssv_sE Sess s SVs SVaessessess_s sees aQae 


= 
8 
. 
8 


BY JUSTIN, ZENDER 


@ 7] _ 


a. 
ar a 
row ae \ caine 


~ 
= 4 


_ 


~$ 
ay 
Le 
7 

=| 

at 


~7re 


_— 
2 
? 
; 


x 


2,411,238 


J. ZENDER 


Nov. 19, 1946. 


PROCESS AND APPARATUS FOR DIALYZING SOLUTIONS 


2 Sheets-Sheet 2 


Filed July 8, 1943 


36 


7 1.4, 


| 


a 
AN I 


© 


/6a 


N SSP SAAS ST SENT I 


Sh PNA AAAAASASY TTT TT) 


N 


Awe woe 


siesittcaaztzeceageiags OO RAARARO RIN 


INVENTOR. 


m209N44/P 


@208SK) OID 


aoe. NAAAAAAAARAAAKANARY 


) 


Y Hin 


OANAAANASSSSS SSS og 


or 
A OD ne Oe ine et te ae eS 


TS Cha (eee <n eee “YY 


DASASAAN DASA SSSA DSSS SS 


—e NV © 


BY JUSTIN ZENDER 


vind 


“ mnie Aw aie a: : al ee 
r =* ar a : : G teak Bete s 2 a 


a] 4 . tL 3 
a ia _ ~w @ —é) ; a 
4c... 2g ei 2 ar a z = ; - 
. é - 
- - 
$ : ' - se 
bee - = a a —_ Py = 
‘ = — 7 
“ys . 2 . at | " as £ 
7 = a? in > Ps 
} 4 , = 


alia ha, ieee \ oguig 4 dh, 1 aa ba 
oar Mar “3 7 
Brie taal a. | 


¢ - wll f 2) . “ Ny ; 
i r ¢ a | F : : : ee “a 7 aT" 2 


> ‘ie 2s = ji ar 
aes 4 al en Py a Y A, a 


Patented Nov. 19, 1946 


2,411,238 


UNITED STATES 


PATENT OFFICE 


2,411,238 


PROCESS AND APPARATUS FOR 
DIALYZING SOLUTIONS 


Justin Zender, Fredericksburg, 


Va., assignor to 


Sylvania Industrial Corporation, Fredericks- 
burg, Va., a corporation of Virginia 


Application July 8, 1943, Serial No. 493,918 
(Cl. 210—8.5) 


7 Claims. 
1 


The invention relates in genera] to dialysis, and, 
in particular, to a process and apparatus for the 
separation of a soluble substance from its solu- 
tion by dialysis, and to correlated improvements 
designed to enhance the structure and function 
and to extend the uses of such apparatus. 

It has been proposed to dialyze soluble mate- 
rials from their aqueous solutions through hydro- 
philic membranes, such, for example, as sheets of 
regenerated cellulose, parchment paper, and the 
like. However, dialyzers employing membranes 
in the form of flat sheets have certain inherent 
disadvantages. For example, the edges of the 
sheets must be maintained under pressure or 
firmly sealed to avoid loss of liquid during dialysis. 
To clean the apparatus or to replace a broken 
sheet, it is generally necessary to completely dis- 
mantle the dialyzer. Further, to decrease break- 
age, the membranes must be supported over their 
surfaces. Finally, such prior apparatus did not 
provide any means for retarding the dilution of 
the solution being dialyzed. Thus, sheet dialyzers 
of prior design have generally been complicated 
in construction, difficult to repair or to clean and 
capable of handling only small volumes of liquid. 

Accordingly, it is a general object of the present 
invention to provide a dialyzer which will be 
capable of handling large volumes of liquid and 
which will operate rapidly. 

It is a further general object to provide a 
dialyzing apparatus which is easy to construct 
and to clean and in which broken membranes 
may be replaced without completely dismantling 
the dialyzer. 

It is another object of the invention to provide 
a process for the separation of water-soluble 
substances from their aqueous solutions in a rapid 
and efficient manner, and in particular for the 
separation of products of fermentation from the 
fermented liquor. 

A specific object is to provide an apparatus 
having means for retarding the dilution of the 

eing dialyzed. 
Servtiser hietta of the invention will in part be 
obvious and will in part appear hereinafter. 

According to the present invention, there is 
provided an apparatus for the dialysis of solutions 
comprising, in combination, a chamber, & ae 
tiplicity of tubular dialyzing membranes Sopris 
therein, means to pass the solution to be dia de 
into contact with one surface of the tube, mean 

other liquid into contact with the 
yt cre d preferably means 
other surface on 09 ‘nara os the solution being 
us 
Ena ae to increase the rate of dialysis. 
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In the now preferred embodiment the apparatus 
comprises a chamber having headers disposed 
transversely adjacent each end to divide the 
chamber into three separate compartments, 
tubular dialyzing membranes connected at each 
end to the headers and communicating with a 
common liquid compartment, and means for pass- 
ing a fluid around the tubes in the central] com- 
partment. 

In the following specifications and in the ap- 
pended claims, the term “dialyzate” will be used 
to designate the solution being dialyzed in accord- 
ance with recent usage in the art; the term “dif- 
fusate” will designate the solution of the material 
whieh diffses through the membrane during 
dialysis, and the term “dialysis” will be used to 
designate the diffusion of soluble substances 
through a semi-permeable membrane from one 
liquid into another. 

The invention accordingly comprises the 
features of construction, combinations of ele- 
ments, and arrangement of parts which will be 
exemplified in the construction hereinafter set 
forth and the scope of the invention will be in- 
dicated in the claims. 

For a more complete understanding of the 
nature and objects of the invention, reference 
should be had to the accompanying drawings in 
which 

Fig. 1 represents a side elevation, partly in sec- 
tion, of one embodiment of the apparatus of the 
invention; 

Fig. 2 represents a cross-sectional view of the 
dialysis chamber of the apparatus of Fig. 1 
taken along the line 2—2 thereof; 

Fig. 3 is a side elevation, partly in section, of 
one of the dialyzing tubes used in a second em- 
bodiment of the apparatus; 

Fig. 4 is a side elevation, partly in section, of 
the dialyzer of the invention utilizing a double 
tube; 

Fig. 5 is a top plan view, in section, of the ap- 
paratus of Fig. 4 taken along the line 5—5 there- 
of; and 

Figure 6 is a top plan view in section of the 
apparatus of Figure 4 taken along the line 6—6 
thereof. 

In that embodiment of the apparatus shown 
in Figs. 1 and 2, the dialyzing chamber proper 
comprises a vertical outer chamber 10, which is 
shown as a cylindrical chamber, but which may 
be of any cross-sectional shape. The chamber is 
closed at the top by a removable plate {!, and is 
closed at the bottom by a conica] base 12, which 
is provided with a drain 13 having a valve (4. 
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Situated adjacent the ends inside the chamber 
(0, there are positioned headers {6 and 16, each 
provided with a plurality of holes. Short sections 
of pipe {7 are threaded into the upper header 15 
and similar sections of pipe 22 are threaded into 
the lower header 16. These pipes serve to anchor 
the dialysis tubes 18 to the headers. 

The chamber {0 is provided with a removable 
side portion 38 which makes the interior accessi- 
ble from the outside. When it is desired to 
change or replace a tube, the apparatus is 
drained, the bolts 39 removed, and the side por- 
tion 38 of the chamber and the plate I! taken 
out. The upper end of the tube is then pulled 
through the section of pipe 17, and the end turned 
down over the upper end of the pipe 17 to form 
the cuff 23. The band 24, which may be formed 
of rubber, as shown, or of metal or the like, is 
then slipped over the cuff 23, anchoring it se- 
curely to the pipe 17. A band 24’ similar to the 
band 24 is then slipped over the free lower end 
of the tube (8, and the end of tne tube inserted 
over the upper end of the lower pipe 22. The 
band 24’ is then slipped down over the end of 
the tube (8, anchoring it securely to the pipe 22. 
The coupling shown in Fig. 1 has the advantage 
of maintaining the maximum diameter of the 
tube 18 at the joint, and thus does not interfere 
with the flow of the liquid through the tube 18. 

The dialysis tubes 18 may be disposed and ar- 
ranged within the chamber 10 in any desired 
manner, in rows, for example, or in concentric 
circles as shown in Fig. 2. The space between 
the tubes can be varied as desired, but in general 
a distance of the order of %%2 to 1 inch is suffi- 
cient. It is to be understood that a space exists 
around all of the tubes illustrated in Fig. 2, and 
that none of these tubes are in direct contact 
with each other along their longitudinal] surfaces. 

It is to be understood that the apparatus shown 
in Fig. 1 may be constructed and arranged so 
that the dialyzate may be caused to pass inside 
the tubes or outside the tubes, but for the pur- 
pose of illustration only, the apparatus of Fig. 1 
is constructed and arranged so that the dialyzate 
can be introduced into the lower section 25 of 
the chamber 10 by means of the pipe 26, the di- 
alyzate filling the lower section of the pipe up- 
ward through the interior of the tubes 18 and 
filling the upper section 27 until it overflows 
through the outlet 28. The diffusate will be in- 
troduced into the intermediate chamber 29 at 
the top through the pipe 30 and will be removed 
at the bottom through the pipe 3!. It is to be 
understood that the circulation of the dialyzate 
and/or of the diffusate may be continuous or 
intermittent. When it is desired to clean the 
apparatus, the dialyzate may be drained off 
through the exhaust pipe 13 which is positioned 
at the lowermost point of the bottom section 25. 

It should be noted that the present apparatus 
is so constructed that the dialvzing tubes (8 are 
completely submerged in liquid so that no por- 
tion is in contact with the air. This is a desir- 
able feature since it has been found that cer- 
tain membranes, particularly those formed of 
non-fibrous cellulosic materials, are attacked by 
certain bacteria or organisms found in fermented 
sugar solutions and molasses resulting in the 
rapid deterioration of the membrane. This ac- 
tion ig avoided or substantially retarded when 
the membranes are completely submerged in the 
liquid, and precautions are taken to avoid in- 
troducing bubbles of air in either of the liquids. 
It is also to be understood that the apparatus of 
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the invention can be arranged without transcend- 
ing the scope of the invention so as to provide 
that the dialyzate and the diffusate both flow up- 
ward or downward in the same direction instead 
of flowing countercurrent to each other as shown 
in Fig. 1. 

Further, the apparatus of the type shown in 
Fig. 1 may be so readily modified by anyone 
skilled in the art, without transcending the scope 
of the present invention so that the chamber (0 
and the tubes {8 are disposed in a horizontal 
plane. Inasmuch as the tubes {8 during oper- 
ation are not only completely filled with liquid 
but also are completely surrounded by liquid, 
the tubes will require little or no horizonta] sup- 
port. If the tubes (8 are filled with dialyzate, 
which has a higher specific gravity than the dif- 
fusate, the tubes will tend to float so that they 
can be kept in position merely by suitable guide 
pins. 

There is also shown in Figs. 3, 4, 5 and 6 an- 
other embodiment of the apparatus of the inven- 
tion in which the dialyzing tubes are double or 
multiwalled. Referring to Fig. 3, this embodi- 
ment comprises an inner dialyzing tube (8a 
surrounded by a dialyzing tube 18b of larger di- 
ameter, and, if necessary, supported externally 
by means of a textile tube {8c made of an open 
mesh fabric whether of woven, Knitted, or braided 
construction. The surrounding outer dialyzing 
tube {8b is particularly advantageous when it is 
desired to concentrate the dialyzate while it is 
being subjected simultaneously to dialysis. Thus 
a plurality of the tubes illustrated in Fig, 3 may 
be supported between the headers as shown in 
the apparatus of Fig. 4, leaving an air space 35 
between the tubes. The side walls of the cham- 
ber 35.are solid as shown in the figure. However, 
there are no front and back-.walls te the cham- 
ber 35, as is fully brought out in Figure 5. Thus 
it is possible to blow air through the chamber 35 
across the outer surface of.the tube {8c, thus 
causing an evaporation of liquid through the wall 
of the tube 18b, as shown in Figure 5. 

Positioning the double tubes in the chamber 
{0a requires the use of double headers at the 
top and bottom of the chamber. Accordingly, the 
outer tubes 186 and {8c are affixed to the inner 
headers {5a and (6a, while the inner tube {8a 
is affixed to the lowermost header 15 and the 
uppermost header (6. In this embodiment, it is 
preferable to have the dialyzate occupy the space 
between the tubes {8a and (8b, and to have the 
diffusate occupy the space in the interior of the 
tube 18a. Accordingly, referring to Fig. 4, the 
dialyzate is introduced into the lower section 25a 
through the inlet tube 26a so that it fills the 
lower section and rises through the space be- 
tween the tubes 18a and (8b and fills the upper 
section 27a and flows out through the exit tube 
28a. The diffusate can be introduced at the top 
of the chamber into the section 36 through the 
Pipe 30a, whereupon it fills this section and flows 
down through the interior of the tube {8a and 
fills the lower section 37 from which it passes 
through the exit tube 31a, 

Since the front and back walls of the chamber 
35 are open, it is a simple matter to affix the 
tubes 186 and {8c to the header 15a. In order 
to provide access to the inner tubes {8a in the 
chamber 25a and to the upper parts of the outer 
tubes 18b and (8c in the chamber 21a and the 
upper part of the inner tubes {8a and the cham- 
ber 36, removable front portions are provided in 
the walls of the chambers. A typical construc- 
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tion of the walls of each of these chambers {s 
shown in Figure 6 which represents a cross-sec- 
tional view of the chamber 25a taken along the 
line 6—6 of Figure 4. The removable front wall 
portion 45 is affixed to the apparatus wal] {0a 
by means of the bolts 41. Similar removable wall 
portions are provided in chambers 21a and 36. 

During the operation of the apparatus shown 
in Figs. 4 and 5, the soluble substances are caused 
to diffuse from the layer of dialyzate which passes 
in the space between the tubes {8a and 18} into 
the diffusate which is flowing through the in- 
terior of the tube 18a. Simultaneously, water or 
solvent from the diffusate will be flowing through 
the tube {8a into the dialyzate thus diluting the 
dialyzate. If the procedure of dilution is not re- 
tarded, it will result in the slowing down of the 
process of dialysis, the rate of which depends 
upon the difference in concentration of the sol- 
uble material between the dialyzate and the dif- 
fusate. Thus, according to one embodiment of 
the present invention, air is blown over the out- 
Side of the multiwalled tube so that water is 
continuously evaporated from the diffusate 
through the wall {8b and through the open mesh 
fabric 8c. It has been found, for example, that 
when the tube (8b is formed of regenerated cel- 
lulose and the diffusate is an aqueous solvent, 
the rate of evaporation of water through the re- 
generated cellulose tube !8b is the same as the 
rate of evaporation from the same solution con- 
tained in a bath. In other words, the rate of 
evaporation appears to be independent of the 
membranes. This appears to be due to the fact 
that the water diffuses in the wall of the tube 
{8b and evaporates from its external surface. 
Thus, the present invention provides a process 
and apparatus by which the dialysis can be car- 
ried out simultaneously with the concentration 
of the dialyzate so that the decrease in the rate 
of dialysis resulting from dilution of the diffusate 
can be substantially retarded or prevented. 
Preferably, the air which is caused to flow over 
the tube {8c is air heated to an elevated tem- 
perature of the boiling point of water, but pref- 
erably between 50 and 60° F. The heat trans- 
ferred to the dialyzate is thus advantageous in 
preventing further fermentation and increasing 
the rate of dialysis. Any conventional air blower 
and air heater may be employed. 

For treating aqueous liquid compositions, the 
tubes 18, 18a and 18b may be formed of any hy- 
drophilic film-forming material, such, for exam- 
ple, as parchment paper, tubes made from leather 
waste as sold under the trade names Brech- 
teen” and “Naturin” and tubes made from any 
film-forming non-fibrous cellulosic materials as 
a class. For the treatment of aqueous fluid com- 
positions where it is desired to cause the diffusion 

i ater-miscible or- 
and separation of water or w < 
ganic compounds from inorganic or organic sub- 
stances whether liquid or solids, there 1s pabiene 
ably employed a hydrophilic cellulosic tube sie 
for example, as one formed of regenerated ce "i 
lose or cellulose hydrate which has been ap 
duced by regeneration from viscose or from solu- 

nic or organic solvents 

tions of cellulose in inorga met fi 
or from cuprammonium cellulose or by 

f cellulose esters such as by the 

erica, Se actiulose nitrate, also acorn. 

alkali-soluble, water-insoluble cellu~ 

canal gelatine (insolubilized) , aeety ie 

the like film-forming hydrop 
ginates, and tubes are employed in 
plastic materials. Such tu 
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the wet gel state, i, e., while they are swollen 
with water. 

On the other hand, when it is desired to sepa- 
rate a hydrophilic organic liquid from water or 
organic compounds of a different type there may 
de employed tubes formed of hydrophobic col- 
loidal materials as a class of which there may 
be given by way of example, tubes formed of 
synthetic resins such as polyviny] resins, methyl 
methacrylate resins, chloroprene, nylon, chlorin- 
ated rubber and the like, or from an organic sol- 
ent-soluble cellulose derivative such, for exam- 
ple, as a Cellulose ester, cellulose ether, mixed 
cellulose ester, mixed cellulose ether, a mixed 
ether ester of cellulose, as well as tubes formed 
of two or more resins or two or more cellulose 
derivatives, also tubes formed from a mixture 
of a hydrophobic resin with a hydrophobic cellu- 
lose derivative. When hydrophobic tubes are em- 
ployed they are preferably used in the swollen 
gel state, i. e., while they are saturated with the 
organic liquid which it is desired to evaporate 
through the tube. 

The present apparatus is adapted for dialyz- 
ing both organic and inorganic substances from 
organic or aqueous solutions. On the one hand, 
organic substances may be separated from aque- 
ous or non-aqueous organic solutions by use of a 
semi-permeable hydrophobic tubing, while on the 
other hand water-soluble substances may be sep- 
arated from aqueous solutions by use of a hydro- 
philic tubing. Accordingly, the present appara- 
tus may be used for separating inorganic or or- 
ganic crystalloids from their solutions, or for 
separating crystalloids from colloids, or for sepa- 
rating inorganic substances from organic sub- 
stances, or for separating organic liquids from 
aqueous or non-aqueous solutions. In particu- 
lar, the apparatus is applicable for the separa- 
tion of glycerine, butylene glycol, citric acid, su- 
gar and inorganic salts and the like, from their 
aqueous solutions. 

The heating of the dialyzate from 70 to 100° C. 
serves a four-fold purpose: (a) to continuously 


> concentrate the dialyzate since water is evapo- 


rated in the evaporator; (b) to increase the rate 
of dialysis; (c) to eliminate dissolved air and air 
bubbles; (d) to sterilize the dialyzate and pre- 
vent further fermentation. 

The apparatus has many advantages, namely, 
the dialyzing membranes being in the form of a 
tube are more self-supporting than flat sheets 
and they can be readily anchored at each end 
without danger of leaks. When a tube breaks, 
the liquid may be quickly drained from the ap- 
paratus and a tube replaced without dismantling 
the entire apparatus. Since the tubes are not 
constricted at the entrance or exit where they 
are joined to the headers, the flow of liquid there- 
through is not retarded and there is no tendency 
for sediment to collect inside the tube; further, a 
rapid flow can be maintained through the tubes. 
Thus, there is provided a means for continuously 
concentrating the dialyzate while preventing the 
rate of dialysis from dropping too rapidly, there- 
by resulting in an increase in the yield. 

Since certain changes in carrying out the above 
process and in the constructions set forth, which 
embody the invention, may be made without de- 
parting from its scope, it is intended that all 
matter contained in the above description or 
shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting 


enseé. 
; Having described my invention, what I claim 
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as new and desire to secure by Letters Patent is: 

1. An apparatus for the dialysis of solutions 
comprising, in combination, a chamber, a multi- 
plicity of tubular dialyzing membranes compris- 
ing outer tubes of relatively large diameter and 
tubes of relatively small diameter disposed in 
said tubes of large diameter, means spaced within 
said chamber supporting said tubular dialyzing 
membranes, means to pass the solution to be 
dialyzed through the outer tube into contact with 
One surface of the inner tube, means to pass an- 
other liquid through the inner tube into contact 
with the other surface of the inner tube, and 
means to continuously concentrate the solution 
being dialyzed so as to increase the rate of di- 
alysis. 

2. An apparatus for the dialysis of solutions 
comprising, in combination, a chamber, a multi- 
plicity of tubular dialyzing membranes, compris- 
ing outer tubes of relatively large diameter and 
tubes of relatively small diameter disposed in said 
tubes of large diameter having tubular support 
for the outer tube comprising an open mesh fab- 
ric, disposed therein, means spaced within said 
chamber supporting said tubular dialyzing mem- 
branes, means to pass the solution to be dialyzed 
through the outer tube into contact with one sur- 
face of the inner tube, means to pass another 
liquid into contact with the other surface of the 
inner tube, and means to continuously concen- 
trate the solution being dialyzed so as to increase 
the rate of dialysis. 

3. An apparatus for the dialysis of solutions 
comprising, in combination, a chamber having 
inner and outer headers disposed transversely 
adjacent each end and defining a space between 
them, dialyzing membranes in the form of inner 
and outer concentric tubes of different diameters 
disposed in said space and connected at each 
end to said headers, the inner tube being con- 
nected to the outer headers and the outer tube 
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being connected to the inner headers, means 
to pass a solution through the inner tube, 
means to pass a different solution through the 
space between the inner and the outer tube, and 
means to pass a fluid on the outside of the outer 
tube. 

4. An apparatus according to claim 3 in which 
there is provided means for passing air over the 
surface of the outer dialyzer tube so as to eva- 
porate liquid from the surface of said tube. 

5. A process for the dialysis of solutions com- 
prising passing the solution to be dialyzed into 
contact with one surface of a dialyzing mem- 
brane in the form of a tube, passing another liq- 
uid into contact with the other surface of said 
tube, and continuously concentrating the solu- 
tion being dialyzed at a point spaced from the 
dialyzing membrane, and continuously recircu- 
lating the concentrated solution, whereby the 
concentration gradient between the dialyzate and 
the diffusate is maintained at its highest level 
throughout the dialysis process. 

6. A process for dialyzing solutions comprising 
passing the solution to be dialyzed through an 
outer tubular dialyzer, in contact with an inner 
tubular dialyzer which is concentric with the first 
tubular dialyzer, passing another liquid through 
and in contact with the inner tubular dialyzer, 
and passing air over the external surface of the 
outer tubular dialyzer whereby a liquid is caused 
to be evaporated from said dialyzer. 

7. A process for dialyzing solutions comprising 
passing the solution to be dialyzed through a tu- 
bular dialyzer of relatively large diameter in 
contact with tubular dialyzer of smaller diam- 
eter which is disposed inside said larger tubular 
dialyzer, passing another liquid through and in 
contact with the tubular dialyzer of smaller di- 
ameter, and passing a third fluid over the exter. 
nal surface of the larger tubular dialyzer, 
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6 Claims. 
1 

The invention relates in general to dialysis, 
and, in particular, to an apparatus for the sepa- 
ration of a soluble substance from its solution by 
dialysis, and to correlated improvements designed 
to enhance the structure and function and to 
extend the uses of such apparatus. 

It has been proposed to dialyze soluble mate- 
rials from their aqueous solutions through hy- 
drophilic membranes, such, for example, as sheets 
of regenerated cellulose, parchment paper, and 
the like. However, dialyzers employing mem- 
branes in the form of flat sheets have certain 
inherent disadvantages. For example, the edges 
of the sheets must be maintained under pressure 
or firmly sealed to avoid loss of liquid during 
dialysis. To clean the apparatus or to replace 
a broken sheet it is generally necessary to com- 
pletely dismantle the dialyzer. Further, to de- 
crease breakage, the membranes must be sup- 
ported over their surfaces. Finally, such prior 
apparatus did not provide any means for retard- 
ing the dilution of the solution being dialyzed. 
Thus, sheet dialyzers of prior design have gener- 
ally been complicated in construction, difficult to 
repair or to’ clean and capable of handling only 
small volumes of liquid. 

Accordingly, it is a general object of the present 
invention to provide a dialyzer which will be 
capable of handling large volumes of liquid and 
which will operate rapidly. 

It is a further general object to provide a 
dialyzing apparatus which is easy to construct 
and to clean and in which broken membranes 
may be replaced without completely dismantling 

ialyzer. 
Seaheceninc object is to provide an apparatus for 
means of retarding the dilution of the solution 

i zed. 
fbr objects of the invention will in part be 
obvious, and will in part appear hereinafter. 

According to the present invention, there is 
provided an apparatus for the dialysis maser! 
tions comprising in combination a ‘eee sate 
dialyzing membrane in the form of a tu 2 “ 
posed thereln. mess tone surface of the tube 
dialyzed into contact with one st +e saith 
means to pass another liquid into or yccbahe 
the other surface of the tube, means ie aula 
solution being dialyzed and/or the o ae 

ferably means to maintain a pre 
Amerestial pela the pe and the outside 
tube to distend the tube. ; 
se following specifications and a ghee 
pended claims, the term spent Pale eee 
to designate the solution being alaly 
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cordance with recent usage in the art; the term 
“diffusate” will designate the solution of the mate- 
rial which diffuses through the membrane during 
dialysis, and the term “dialysis” will be used to 
designate the diffusion of soluble substances 
through a semi-permeable membrane from one 
liquid into another, 

The invention accordingly comprises the fea- 
tures of construction, combinations of elements, 
and arrangement of parts which will be exempli- 
fied in the construction hereinafter set forth and 
the scope of the invention will be indicated in the 
claims. 

For a more complete understanding of the 
nature and objects of the invention, reference 
should be had to the accompanying drawings in 
which Figure 1 represents a side elevation of one 
embodiment of the apparatus of the invention, 
and Figure 2 represents a cross-sectional view 
of the dialysis chamber of the apparatus of 
Figure 1 taken along the line 2—2 thereof. 
Figures 3 and 4 show two embodiments of means 
for anchoring the dialyzing tubes to the headers 
of the apparatus shown in Figure 1. 

In that embodiment of the apparatus shown in 
Figs. 1 and 2, the dialyzing chamber proper com- 
prises a vertical outer chamber 10, which is shown 
as a cylindrical chamber, but which may be of 
any cross-sectional shape. The chamber is closed 
at the top by a plate ff, and is closed at the 
bottom by a conical base 12, which is provided with 
a drain 13 having a valve 14. Situated adjacent 
the ends inside the chamber (0, there are posi- 
tioned headers (5 and 16, each provided with a 
plurality of holes into which are threaded short 
sections of pipe {71, which serve to anchor the 
dialysis tubes {8 to the headers. 

The chamber (0 is provided with a removable 
side portion 18 attached to the tank by the bolts 
19 so as to make the dialysis tubes 18 accessible 
from the outside. When a tube burst#Ait is thus 
possible to reach it and insert a new tube. To 
change a tube, particularly where it is in the 
center or opposite side of the chamber, it is 
desirable to drain the apparatus. The empty 
tubes obstructing the way may then be collapsed 
and pushed to one side to a sufficient extent to 
insert the new tube in its proper location. In 
order to insert a new tube, it is therefore not 
necessary, in general, to remove the tube located 
between the opening into the chamber and the 
tube to be replaced. 

The anchoring or sealing of the dialysis tubes 
to the headers may be effected by any suitable 
means, but there is shown in Figs. 3 and 4 two 
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means found suitable for this purpose. Refer- 
ring to Fig. 3, the numeral {5 represents the up- 
per header into which is screwed a short section 
of pipe 17 having a threaded union joint 19, the 
lower end of the pipe 11’ being sealed by means 
of a tubular sleeve 20 formed of a resilient ma- 
terial, such, for example as rubber, cork, sponge, 
or the like, which forms a soft cushion to sup- 
port the dialysis tube 18, which is slipped over 
the sleeve and fixed thereto by means of the 
cords 21. If desired, the outer surface of the 
sleeve 18 may be grooved to provide seats for 
the cord 2!. The lower end of the dialysis tube 
{8 may be united to the lower header by similar 
means as shown in Fig. 3. The joint shown in 
Fig. 3 is particularly advantageous when the 
chamber is being fitted with the tubes initially 
cr when a dialysis tube is being replaced after 
breakage because, in this case, the disconnection 
of the lower section of the pipe !7 from the 
upper section, and the mounting of the tube 18 
on the sleeve 20 can take place outside of the 
chamber (0, after which the ends are joined 
to the headers by means of the threaded joint (9. 

An alternative means of anchoring the dialysis 
tubes to the headers is illustrated in Fig. 4, in 
which embodiment the header !5 is provided 
with a threaded section of pipe 22. The casing 
is pulled through the section of the pipe and 
the end turned down over the upper end of the 
pipe 22 to form the cuff 23 which may be 
anchored to the pipe by means of the band 24, 
which may be formed of rubber as shown, or of 
metal or the like. The tube 18 may be mounted 
on the lower header {6 by means similar to that 
shown in Fig. 4. The coupling shown in Fig. 4 
has the advantage of maintaining the maximum 
diameter of the tube 18 at the joint, and thus 
does not interfere with the flow of the liquid 
through the tube (8. 

The dialysis tubes 18 may be disposed and ar- 
ranged within the chamber 10 in any desired 
manner, in rows, for example, as shown in Fig. 
2 or in concentric circles. The space between 
the tubes can be varied as desired, but in general 
a distance of the order of % to 1 inch is suffi- 
cient. It is to be understood that a space exists 
around all of the tubes illustrated in Fig. 2, and 
that none of these tubes are in direct contact 
with each other along their longitudinal sur- 
faces. 

It may be understood that the apparatus 
shown in Fig. 1 may be constructed and arranged 
that the dialyzate may be caused to pass inside 
the tubes or outside the tubes, but for the pur- 
pose of illustration only, the apparatus of Fig. 
1 is shown constructed so that the dialyzate 
will pass through the interior of the tube 18. 
The liquid to be dialyzed, that is, the dialyzate, 
may be taken from a suitable reservoir and fed 
through the pipe 25 having a valve 26 into an 
evaporator 27. The liquid in the evaporator 
may be heated from 30° to 100° C., preferably 
above 70° C., by conventional means and/or suc- 
tion may be applied through the pump 170 to 
draw off water, alcohol and other volatile sub- 
stances from the dialyzate. Heating and suc- 
tion also facilitate elimination of bubbles from 
the dialyzate, the presence of which tends to 
favor the growth of organisms which attack the 
dialyzing membranes. The evaporator can be 
drained for cleaning by opening the outlet pipe 
Tf by means of valve 72. From the evaporator, 
the dialyzate passes through the pipe 29 by 
means of the pump 30, and is then heated by 
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4 
means of the heater 28 and introduced into the 
chamber 10 through the inlet 3!. The dialyzate 
fills the lower space 32 of the chamber, the tubes 
8, and the upper space 33 until the level is such 
that-the dialyzate overflows through the drain 
34 which returns the excess to the evaporator 21. 

During operation, the dialyzate is preferably 
continuously circulated. Therefore, there is 
provided an outlet pipe 35 equipped with a valve 
14 which is positioned at the base of the conical 
bottom 12. The pipe 35 is disposed vertically 
and has attached to its upper end an enlarged 
section 36 into which is disposed an extension 
tube 39 sliding through a hole provided in the 
packing 40. Between the ends of the tube 39, 
a branch 41 carries the solution into a pipe 42 
which is attached to the upper end and sur- 
rounds the lower end of the pipe 4! which slides 
therein. Pipe 42 discharges the dialyzate into 
the evaporator 27. By raising or lowering the 
pipe 39, it is possible to assure that the level of 
the dialyzate in the chamber 33 will be at all 
times above the header 15, and if necessary, up 
to the level of the overflow pipe 34. By this 
means, one can insure that the dialyzing tubes 
will be completely filled with the dialyzate even 
though the dialyzate is being circulated down- 
ward through these tubes. 

The apparatus also includes means for bring- 
ing a liquid into contact with the outside of the 
dialyzing tubes 18. These means comprise stor- 
age tanks 50 and 5! from which liquid may be 
removed by means of pipes 52, 53, and 54, each 
of which is provided with a suitable valve, the 
liquid being forced upward through the pipe 55 
by means of the pump 56 and heated if desired by 
means of the cylindrical heater 51. The pipe 
55 provides means for entering the chamber {0 
at a point above the upper header and then 
communicates with the space between the head- 
ers by passing through the plate {5 as shown 
by the broken lines 58. The diffusate flows 
downward and around the tubes {8 until it fills 
completely the space 59 between the headers {5 
and 16. The excess liquid is removed from the 
lower end of the space 59 through pipe 60, which 
has an enlarged upper end 36’, an extension 39’ 
passing through the packing 40’, the extension 
39’ having a branch 41’ which discharges the 
liquid into a funnel 42’ which is fixed into the 
upper end of the drain 6!. From pipe 61 the 
diffusate may be passed through the pipe 62 to 
the reservoir 51 or through the pipe 63 to the 
reservoir 50. The diffusate may be discharged 
from the reservoir 50 through the pipe 64 or 
from the reservoir 51 through the pipe 65 and 
forced by means of the pump 66 to sterage or 
point of use. 

While the apparatus shown in Fig. 1 is con- 
structed so that both the dialyzate and the dif- 
fusate flow concurrently and downward in the 
chamber (0, it is to be understood that the ap- 
paratus can be modified without transcending 
the scope of the present invention so as to pro- 
vide that the dialyzate and the diffusate flow up- 
ward or flow countercurrent to each other. 

Further, the apparatus may be readily modified 
by anyone skilled in the art, without transcending 
the scope of the present invention so that the 
chamber 10 and the tubes {8 are disposed in a 
horizontal plane. Inasmuch as the tubes (8 dur- 
ing operation are not only completely filled with 
liquid but also are completely surrounded by liq- 
uid, the tubes will require little or no horizontal 
support, If the tubes (8 are filled with dialyzate, 
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which has a higher specific gravi Bs 
fusate, the tubes will tend fo fost Sealand 
INE kept in position merely by suitable guide 
nee spina process of dialysis, water from the 

itinuously diffuses into the more con- 
centrated dialyzate, thus diluting the dialyzate 
and slowing down the process of dialysis. In or- 
der to avoid this decrease in the rate of diffusion 
resulting from dialysis, the present apparatus pro- 
vides an evaporator 21 in which the dialyzate may 
be heated by means of the steam coil 28’. The 
top of the tank 217 is left open to permit evap- 
oration of water from the dialyzate. By this 
means, the dialyzate may be continually con- 
centrated while it is being circulated and sub- 
jected to dialysis. Moreover, the heating of the 
dialyzate serves the purpose of evaporating water 
or other volatile liquids from the dialyzate thus 
maintaining the concentration and viscosity of 
this liquid. The temperature of the dialyzate may 
be kept above the temperature at which the fer- 
mentation or bacterial decomposition occurs, thus 
avoiding changes in composition or loss of desired 
material through fermentation. 

The present apparatus is adapted for dialyz- 
ing both organic and inorganic substances from 
organic or aqueous solutions. Organic substances 
may be separated from solutions by use of & semi- 
permeable hydrophobic tubing. For the dialysis 
of aqueous solutions, a hydrophilic tubing is em- 
ployed. Accordingly, the present apparatus may 
xe used for separating inorganic or organic crys- 
talloids from their solutions, or for separating 
crystalloids from colloids, or for separating in- 
organic liquids from organic liquids, or for sep- 
arating organic liquids from aqueous or non- 
aqueous solutions. In particular, the apparatus 
is applicable for the separation of glycerine, bu- 
tylene glycol. and citric acid, sugar and inorganic 
salts from their aqueous solutions. 

The heating of the dialyzate from 70°-100° C. 
serves a four-fold purpose: (a) to continuously 
concentrate the dialyzate since water is evaporat- 
ed in the evaporator; (b) to increase the rate of 
dialysis; (c) to eliminate dissolved air and air 
bubbles; (d) to sterilize the dialyzate and pre- 
vent further fermentation. 

The apparatus has many advantages, namely, 
the dialyzing membranes being in the form of & 
tube are more self-supporting than flat sheets 
and they can be readily anchored at each end 
without danger of leaks. When a tube breaks, the 
liquid may be quickly drained from the apparatus 
and a tube replaced without dismantling the en- 
tire apparatus, Since the tubes are not con- 
stricted at the entrance or exit where they are 
joined to the headers, the flow of liquid there- 
through is not retarded and there is no hapaaanci 
for sediment to collect inside the tube; further, 
a rapid flow can be maintained through the tubes. 
Thus, there is provided a means for continuously 
concentrating the dialyzate while preventing 
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rate of dialysis from dropping too rapidly, there- 
by resulting in an increase in the yield. 

Since certain changes may be made in the 
above construction and different embodiments of 
the invention could be made without departing 
from the scope thereof, it is intended that all 
matter contained in the above description or 
shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting 
sense. 

What is claimed is: 

1. An apparatus for the dialysis of liquid solu- 
tions comprising, in combination, a chamber, 
means of dialysis comprising a dialyzing mem- 
brane in the form of a tube disposed therein, 
means for continuously circulating the solution 
to be dialyzed in contact with one surface of the 
tube, means for passing another liquid into con- 
tact with the other surface of the tube, means for 
concentrating the dialyzate after passage through 
the dialyzing tube, and means for recirculating 
the concentrated dialyzate through the tube. 

2. An apparatus for the dialysis of liquid so- 
lutions comprising, in combination, a chamber, 
means of dialysis comprising a dialyzing mem- 
brane in the form of a tube disposed therein, 
means for continuously circulating the solution 
to be dialyzed in contact with one surface of the 
tube, means for passing another liquid into con- 
tact with the other surface of the tube, means for 
concentrating the dialyzate after passage through 
the dialyzing tube, means for recirculating the 
concentrated dialyzate through the tube, and 
means for maintaining a hydrostatic pressure dif- 
ferential between the inside and outside of said 
tube to distend the tube. 

3. An apparatus for the dialysis of liquid so- 
lutions comprising, in combination, a chamber, 
headers disposed transversely adjacent each end 
of said chamber so as to divide said chamber into 
a middle and two end compartments, a plurality 
of tubular dialyzing membranes disposed between 
said headers and communicating with the end 
compartments, means for continuously circulating 
a solution through the end compartments and 
through said dialyzing tubes means for withdraw- 
ing said solution from said tubes, means for pass- 
ing another liquid through said middle compart- 
ment into contact with the exterior of said dialyz- 
ing tubes and means for withdrawing said liquid 
from.said compartment. 

4. An apparatus according to claim 3 in which 
the tubes are affixed to the headers by means 
of a threaded union joint so that said tubes are 
separately removable. 

5. An apparatus according to claim 3 in which 
there is provided means for concentrating one 
of said liquids positioned outside of said chamber. 

6. An apparatus according to claim 3 in which 
there is provided means for heating at least one 
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1 2 
hace invention relates in general to the purifi- so that the solution is adapted for use as @ soften- 
on of fermented liquors, and in particular to ing agent for transparent sheeting and in phar- 
a process for the purification of glycerol solu- maceuticals. 
tions produced by fermentation. Further objects of the invention will in part | 
The process of the present invention is applica- 5 be obvious and will in part appear hereinafter. — 
ble for the purification of various fermented liaq- According to the present invention there is. 


uors but, for purposes of illustration only, the provided a process for the purification of fer- 

process will be described with respect to the mented liquors including the steps of treating a 
purification of glycerol solutions produced by fermented liquor to precipitate iron as iron sul- 
fermentation. While glycerol solutions of high 10 fide, dialyzing the liquor, treating the liquor to | 


clarity and free from impurities may be pro- precipitate sulphates therefrom, treating the re- — 
duced by the fermentation of colorless sugar so- sulting liquor to precipitate alkaline earth 
lutions, molasses is a more economical source of metals therefrom, and decolorizing the liquor by 
sugar for this purpose. However, the fermen- contacting it with an absorbent material. In 


ays results in a 15 the preferred embodiment these steps are carried 
de variety out in the following sequence: treating the fer-_ 
mented liquor to precipitate iron as iron sulfide, 
dialyzing the treated liquor, treating the dif-— 


tation of molasses solutions alw 
fermented liquor which contains a Wi 
of impurities and by-products and has a pro- 


nounced dark color. The byproducts include 
volatile substances such as alcohol, acetone, fusate to precipitate sulphates therefrom, there- 
acetic acid, and the like, while the impurities 20 after treating the resulting liquor to precipitate 


nted sugar, cellulose, alkaline earth metals therefrom, and decoloriz- — 

natural gums and resins, inorganic salts, espe- ing the filtrate with an absorbent material. | 
cially salts of alkaline earth metals and iron and After such clarification the clarified liquid may — 
sulphates. The color of the solution obtained by be filtered and concentrated if desired. 


the fermentation of molasses is due in part to 25 The invention accordingly comprises & process 
having the steps and relation of steps one to 


comprise pectins, unferme 


organic colloids and in part to the presence of ~ . 
iron. It is apparent that the recovery of a sub- another all as set forth in the following detailed — 
stantially pure and colorless solution of glycerine description and the scope of the application of © 
from such a complex system involves numerous which will be indicated in the claim. 
difficulties. 39 The present process is adanted for the clarifi- 
Heretofore it has been suggested to remove the cation of fermented liquors of all types but it is — 
water and volatile organic compounds from the especially peal eee perv of prec : 
oration, and to separate resulting from the ermentation of car - 
fermented Hauer oy pe drates, this term being used to include cellulose, 


the water-soluble compounds from the sae 
rough a semi-permea e 35 
“beso ee ys re8 1 lulose. may be used for the purification of fermented 
membrane formed by regenerated cellu 
h dialysis liquors resulting from the production of such 

However, the diffusate obtained by such diatys 

i k brown color which is objectiona- substances as alycerol, the glycols, in particular 
ee ine. i 1 is to be used as a soften- 9-3-butylene glycol, higher alcohols. polyhydric 
Jove dlonar ae Se ear “ ‘terials paper and 40 alcohols, and various organic acids, such, for ex- 
— eee ee cients of ' ample, as citric, lactic, fumaric, tartaric, oxalic, 
am eeeaincl ee is generally and the like. In the production of such sub- 

peed Eebantion to provide a method for the stances by fermen 5 bie winteie 
Ses f substantially clear and colorless |. carbohydrates, the ermented liquor 
Ee Miiinstret fermentation liquors. 45 tain a wide variety of by-products and impuri- 
isa Se asic object of the present invention ties ana has a pronoun reeks rn a 

aa ss for the recovery of a sub- products frequently include volatue > ae ; 
to provide a ae “colorless colution of glycerol such as alcohol, a acetic acid Ke e H e, 
stantially cleat db the fermentation of while the impurities usually comprise pectins, 
from the liquor produce 4 Sati 50 unfermented sugar, ce!lulose, natural gums, and 
molasses. - 3 from inorganic salts, especiaily salts of alkaline earth 

It is a further specific object te en norennle metals and of iron; and also substantial quanti- 
fermentation an : 5a ties of sulphates. The wreken of a ee re- 
impurities a6 calcium, . color sulting from the fermentation of & natural-oc- 

It is anotyer specific ane cap linet 55 curring carbohydrate is due in part to the or- 
of glycerol solutions Pr 


starches and sugars. Thus, the present process — 
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ganic colloids present and in part to the presence 
of iron. The present invention provides a 
process for the production of substantially pure 
and colorless solutions from such fermented 
liquors. 

In the following detailed description a process 
will be described with reference to the purifica- 
tion of glycerine solutions obtained by fermenta- 
tion of molasses, but it is to be understood that 
the invention is not limited to the purification 
of such liquors. 

In general, the fermented liquor is subjected 
to certain preliminary treatments prior to being 
subiected to the essential purifying and clarify- 
ing steps of the present process. Normally, it will 
be desirable to evaporate from the liquor the vola- 
tile organic substances, such as alcohol, ace- 
tone, acetic acid, and the like. This is normally 
carried out by distillation in copper stills. Since 
ammonia is frequently produced during such dis- 
tillation, it is customary to acidify the ferment- 
ing liquor and to maintain it acid during the dis- 
tillation. ‘Therefore the residue, after distilla- 
tion, should be neutralized with any suitable alKa- 
line compound, such, for example, as lime, sodi- 
um hydroxide, potassium bicarbonate, and the 
like and then concentrated until the liquor is 
concentrated to about 50% of its volume. Such 
concentration reduces the volume of liquid to be 
treated by the subsequent purification process. 
The fermented liquor, after such concentration, 
is heated and there is added an aqueous solution 
of a water-soluble sulfide such as ammonium, so- 
dium, potassium, calcium and strontium sulfides, 
hydrogen sulfide, and the like, in sufficient con- 
centration to precipitate the iron as ferrous sul- 
fide. The iron appears to be one of the chief 
causes of the dark color of the solution. The re- 
moval of the iron prior to the step of dialysis 
eliminates subsequent filtration. 

After precipitation of the iron, the solution is 
dialyzed through a semi-permeable membrane, 
the precipitated iron sulfide being retained by the 
membrane. For the dialysis membrane there 
may be employed parchment paper or a hydro- 
philic pellicle, such, for example, as regenerated 
cellulose produced from viscose or by the denitra- 
tion of nitrocellulose, or from cuprammeonia so- 
lutions of cellulose. In the now preferred em- 
bodiment the dialysis membrane is a tube of re- 
generated cellulose. The process of dialysis may 
be carried out in the apparatus and according 
to the procedure described in the copending ap- 
plications Serial Nos. 493,918, now Patent No. 
2,411,238, Nov. 19, 1946, and 493,919, now Patent 
No. 2,411,239, Nov. 19, 1946, both filed July 8, 1943. 

By the dialysis the glycerol and other water- 
soluble substances are separated from the organic 
colloids. The diffusate thus obtained is next 
treated to remove sulfate ion, with an aqueous 
solution of a water-soluble salt of an alkaline 
earth metal such, for example, as calcium, bar- 
ium, strontium chlorides, acetates, nitrates, and 
the like, to precipitate the swphates of the aika- 
line earth metal. Before filtering, the diffusate 
is first acidified, as with acetic acid, and then 
treated with a water-soluble salt which will cause 
the precipitation of the alkaline earth metal. 
Suitable salts are carbonates, oxalates, ortho- 
phosphates and tartrates of ammonium, potas- 
sium, sodium, and lithium. 

The solution thus cbtained is filtered and the 
filltrate is treated to remove color with activated 
carbon silica gel or other absorbent for a period 
of about one hour at an elevated temperature. 
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For example, with activated carbon, the treat- 
ment is carried out at a temperature fr om 40 to 
100° C., preferably 80° C., while the solution is 
slightly acid. The activated carbon appears to 
remove most of the residual color due to organic 
substances. The clarified solution thus obtained 
is filtered to recover the spent carbon. The spent 
carbon may be reactivated by heating in a con- 
ventional manner and then reused, 

The filtrate thus obtained is neutralized, then 
passed in vacuum evaporators in which the solu- 
tion may be concentrated as desired. The sSolu- 
tion is neutralized by use of a dilute solution of 
a water-soluble alkaline compound such, for ex- 
ample, as the hydroxides, carbonates and acetates 
of the alkali metals, or by ammonia. The con- 
centration of the clarified solution must be car- 
ried out under vacuum and at a relatively low 
temperature to prevent any additional discolora- 
tion which results when the solution is heated 
to the boiling point at atmospheric pressure. 
After the concentrated solution is allowed to 
stand or cools down, salts, such as potassium 
sulfate and potassium chloride, precipitate and 
may he removed by filtration. The separated 
salts are allowed to settle and the solution de- 
canted and filtered if necessary. 

The solution thus obtained is substantially free 
of iron and alkaline earth metal salts and of 
sulphates. It is characterized by being substan- 
tially clear and colorless, depending upon the ex- 
tent of decolorizing. The glycerine solution thus 
obtained is sufficiently clear and colorless to be 
employed as a softening agent for transparent 
materials such as Cellophane, gelatin, casein and 
papers of all kinds, including glassine paper, 
leather, cosmetics and pharmaceuticals, and in 
the manufacture of synthetic resins. 

By way of illustration but not by way of limit- 
ing the invention, there will be given the follow- 
ing specific example: 

A liquor resulting from the fermentation of 
molasses in an alkaline medium for the produc- 
tion of glycerol is rendered slightly acid and the 
alcohol and acetone distilled off in a copper still. 
The residue is then concentrated to about 50% 
of its initial volume and then neutralized with a 
10% aqueous solution of potassium bicarbonate. 
The concentrated liquid is then heated and there 
is added, with stirring, a 20% aqueous solution 
of calcium sulfide which precipitates the iron as 
iron sulfide. Without filtering the solution, the 
liquid is decanted from the precipitate and 
dialyzed with water through a regenerated cellu- 
lose tube in a multitube dialyzer according to the 
procedure described in the co-pending applica- 
tion Serial No. 493,919, now Patent No. 2,411,239, 
Nov. 19, 1946, filed July 8, 1943. The diffusate 
is a dilute solution of glycerol having a dark 
brown color due to organic coloring matter. The 
diffusate is then treated with a 10% aqueous 
solution of barium acetate to precipitate sulphate 
ions as barium sulphate. The solution is then 
acidified with 10% aqueous solution of acetic 
acid to a pH 6 and then treated with a 10% 
aqueous solution of oxalic acid to precipitate 
barium and calcium ions as the oxalates. The 
solution is then filtered and the filtrate is treated 
with a mass of activated carbon for one hour 
at a temperature of 80° C., as a result of which 
the dark color is substantially removed, The sub- 
stantially colorless solution is then filtered to 
remove the spent carbon which may be reacti- 
vated and reused. The filtrate is then concen- 
trated in vacuum evaporators at room tempera- 
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ture. During such concentration some potassium therefrom thereafter making the diffu 
sulphate and potassium chloride precipitates and then treating the diffusate with oxa 
and is removed by an additional filtration. to precipitate alkaline earth metals 

It is to be understood that the invention is not decolorizing the diffusate by contacting 
limited to a process in which the sequence of § an absorbent material, and filtering th 
steps is that given in the above description since diffusate. 


it is possible, without transcending the scope of RALPH T. K. COF 


the invention to carry out the steps of the process DONALD S, PORTER. 
in a different order. For example, the decolor- ann 
izing of the solution by means of an absorbent 10 REFERENCES CITED _ 
material, e. g. activated carbon, can be carried The following references are of re 
out at an earlier stage in the process conveniently file of this patent: a 
immediately after the dialyzing step. Since the ei ae 
dialyzing operation removes some of the color, UNITED STATES PATENTS e 
it is not advantageous to decolorize prior to di- 15 Number _ Name i 
alyzing. On the other hand, the precipitation 1,344,850 Bassett ------22ooe) 
of the iron and of the sulphate ions may occur in 1,357,138 Bassett ----------- Oc 
reverse order from that given. 1,936,497 | Carothers et al. ---- 
Having described our invention, what we claim 2,225,024 Weber ------- ances en 
as new and desire to secure by Letters Patent is: 20 FOREIGN PATENTS 
A process for the purification of per eon connea hee 
liquors comprising the steps of treating a fer- umber cr 
mented liquor with a water-soluble sulfide to pre- 3,138 Great Britain ------ 
cipitate iron as iron sulfide, dialyzing the liquor, 323,373 France ------------. 


treating the diffusate with a water-soluble salt 25 1,398 France ~----------- ay 
of an alkaline earth metal to precipitate sulphates (Addition to 323,3' 4s 
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